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OCULAR COMPLICATIONS IN SICKLE-CELL 
HAEMOGLOBIN C DISEASE* 
BY 
STEWART MUNRO AND COLIN WALKER 
London 


“THE increase in the coloured population in Great Britain during the past 10 


years has given an opportunity of observing a disease which has hitherto been 
reported mainly in the American literature and in papers submitted by 
clinicians in West Africa. 

According to the Home Office, there are approximately 115,000 West 
Indians and 25,000 West Africans in the United Kingdom. In 1950-53 the 
net inward movement of West Indians was only 2,000 to 3,000 per year; by 
1956 this had risen to 30,000 per year, though there has since been a slight 
decline. 

Sickle-cell haemoglobin C disease, which is found exclusively in the Negro 
race, is characterized by recurrent infarctive episodes, sometimes mild and 
asymptomatic but occasionally severe and fatal in their outcome. The eye 
suffers recurrent intra-ocular haemorrhages, and other organs and tissues 
(notably the spleen, kidney, and bones) are affected by this infarction through 
the mechanical obstruction of the small capillaries by inflexible red cells. 
Goodman, von Sallmann, and Holland (1957) reported the disease to be 
present in 10,000 to 20,000 American Negroes. Hook and Cooper (1958) 
put the incidence at 1 in 1,500 American Negroes. Raper (1950) found that, 
of an estimated population of 200,000,000 Negroes in Africa south of the 
Sahara, 40 million carried the sickle-cell trait. 

About 22 cases with ocular complications in sickle-cell haemoglobin C 
disease have so far been described in the literature. It is the purpose of this 
paper to describe a further nine cases. A comparison with those previously 
reported suggests that there is a specific retinopathy which may be present 
without any symptoms of visual disturbance. 

There is still a certain amount of confusion concerning the homozygous 
sickle-cell anaemia and its heterozygous genetic variants. This mainly 
occurs when cases are reported without electrophoretic separation of the 
various abnormal haemoglobins. 

. It may therefore be of interest to trace the progress which has been made 
in the classification of the variants of sickle-cell anaemia, which are now 
regarded as disorders with their own peculiar clinical features. 

Although the first clinical case of sickle-cell anaemia was reported by 
Herrick (1910), who described “peculiar elongated sickle-shaped red cor- 
puscles in a case of severe anaemia’’, it was not known until 1949 that sickle- 
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cell haemoglobin and normal haemoglobin presented a characteristic 
difference in electrophoretic motility (Pauling, Itano, Singer, and Wells, 
1949). This important discovery that the abnormality in the sickled red cell 
was due to the type of haemoglobin led to further investigations, which 
revealed additional abnormal haemoglobins. When, as a result of inherit- 
ance, these are associated with the abnormal haemoglobin responsible for 
sickling, they give rise to genetic variants now recognized as distinct clinical 
entities. Only a few years ago patients exhibiting the sickling phenomenon 
were thought to have either a sickle-cell anaemia or a mild variant form of the 
disease, relatively benign and not associated with haemolytic or infarctive 
episodes. 

Table I illustrates some of these variants. Where there is a combination of 
an abnormal haemoglobin with a normal haemoglobin, the condition may be 
described as a trait, but if both haemoglobins are abnormal the condition 
may be regarded asa disease. The combination of two similar genes produces 
a homozygous state and that of two different genes a heterozygous state. 

TABLE I 





Prevalence in American 


Haemoglobin Disease State Negroes (after Hook 
Type and Cooper, 1958) 


AS Sickle-cell trait Heterozygous 8 to 11 per cent. 








SS Sickle-cell anaemia Homozygous 1:600 








AC Hb C trait Heterozygous 2 to 3 per cent. 





SC Sickle-cell Hb C disease Heterozygous 1:1,500 








sD Sickle-cell Hb D disease Heterozygous — 





Sickle-cell thalassaemia Heterozygous — 


SF 
(F Foetal Hb) disease 








| 
CC Homozygous C disease Homozygous 1:6,000 
| 





These abnormal haemoglobins were discovered by filter paper electro- 
phoresis. If the colloid particles of a protein in solution are placed in an 
electric field, they move either to the cathode or to the anode depending on 
the acidity or alkalinity of the solution. At a certain hydrogen ion concen- 
tration no movement takes place, and it is at this (iso-electric) point that the 
protein precipitates. It is the small differences in the iso-electric point of the 
various human haemoglobins that allow separation by electrophoresis. The 
laboratory technique requires 4 ml. blood collected in an anti-coagulant (e.g. 
E.D.T.A.) for these estimates to be carried out. 

The filter paper (Fig. 1, opposite) shows the varying motility of some of 
the abnormal haemoglobins, the pattern being achieved by the different rates 
of migration towards the anode. The abnormal S and C pattern was given 
by blood from Case 4. 
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So many new haemoglobins are now 
being found that allocation by letters 
risks confusion, and it is suggested that 
the name of the place of origin be used 
provisionally until the final nomencla- 
ture is decided by international agree- 
ment. . 

In all the cases with ocular complica- 
tions which have been reported to date, 
haemoglobin S has been present, the 
sickling phenomenon being confined 
solely to the red cell with this abnormal 
haemoglobin. In low-oxygen atmos- 
pheres the sickle-cell haemoglobin is 
reduced, and in this less soluble state 
the long, thin, rod-like particles of the 
haemoglobin assume a parallel and 
equidistant arrangement (Harris, J. 
W., 1950). These crystals give the red 
blood cell a sickle-cell shape. This is 
reversible and upon re-oxygenation 
the cell will assume a normal contour. 
The sickle cells, being rigid in the 
capillaries, impact there instead of 
altering shape like normal red blood 
cells, and in addition they may become 
attached and fail to slide over each 
other. Stasis and thrombosis with hae- 
morrhage therefore results, causing a 
further anoxia with endarteritis and ——_—__ > 
infarction. Thromboses are therefore DIRECTION OF MIGRATION 
particularly likely to build up around 
these masses of sickle cells. Bunting Pan:-1.- iaiveiinciaanathe auansiah.of 
(1939) noted that these sickle cells do different types of haemoglobin. 
not show any rouleau formation; the 
blood sedimentation rate may therefore be normal in severe sickle-cell 
anaemia. Kimmelstiel (1948) concluded that kidney lesions in cases of 
sickle-cell anaemia were rarely purely thrombotic but were due to spasm with 
ischaemia and necrosis, the injury to the vessel wall being caused by the 
plugging of the capillaries with sickle cells. Chapman, Reeder, Friedman, © 
and Baker (1955), reviewing cases of haematuria occurring in sickle-cell 
haemoglobin C disease, considered the kidney to be particularly susceptible 
to the effects of shock, infarction, and ischaemia, and suggested that these 
effects might cause local changes in the kidney which were responsible for 


Haemoglobin Types 
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the anoxia precipitating the sickling. No evidence of thrombosis was found 
in any of the kidney sections. Goodman and others (1957) and Isbey, 
Clifford, and Tanaka (1958) carried out special coagulation studies, but no 
disorder of coagulation times was discovered in their series of cases. Walters 
(1958) urged the necessity of further investigation of the plasma protein 
constituents in sickle-cell anaemia. These were estimated by Hook and 
Cooper (1958) in fourteen cases of sickle-cell haemoglobin C disease; there 
were no abnormal findings, although the total serum protein was elevated in 
four of 26 cases of sickle-cell anaemia, three of which showed an increase in the 
globulin fraction. In three other cases the total serum protein was normal 
but the albumin-globulin ratio was reversed. 

The majority of the pathological findings in sickle-cell haemoglobin C 
disease are due to widespread infarctions in the small capillaries, and the eye 
is no exception. It is important to look for signs of retinopathy because 


TABLE II HAEMOGLOBIN TYPES IN WHICH 
| 





Clinical 





| Blood Picture 


Haemo- 
globin 


Type Abdomen 


Anaemia Sickling 





| 
| 
| 


parations | 


| 
Target Cells | peg and eae Respira- | 
| 
4 } 
left 24 hrs } | : 
or more | | 


(per cent.) “Blood Cells | oY | 
| | 


Wintrobe) System 
Chronic —__ | At once 5 to 30 | May be | to 2 | Pulmonary} Severe abdominal 
haemolytic, million infarction) pain in crises 
severe and R.B.C.s 
well marked /c. mm. 
Survival rare | 


} 
AS | No haemolysis | In wet pre- 
| 
| 
| 





Splenomegaly 
not common 

Hepatomegaly 

beyond 30 present 


i 





Transient In wet sealed | 20 to 100 Slight _ \Pulmonary| Spleen : 
haemolytic prepara- (average anisocytosis | infarction) progressively 
episodes tions 60) Hypochromia enlarged 

(Hannon, | Poikilocytosis Abdominal pain 
1956, but not less common and 
Hook and constant — less severe 
Cooper, /| Leukocytosis 

| 1958) during crises 

Chronic After fatent | 20 to 40 |Microcytosis | Splenomegaly 
haemolytic period in Red cell count 

vitro may be high 
but packed 
cell volume 
lower 
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these lesions, although symptomless, may be recognizable ophthalmoscopic- 
ally, whereas lesions in the bone, spleen, lung, or brain may be overlooked 
unless they cause pain or loss of function. This is of particular importance 
in sickle-cell haemoglobin C disease where the anaemia may not be apparent 
between crises. The blood picture, clinical signs, and ocular complications 
in the cases reported between 1930 and 1958 are analysed in Table II. 


Case Reports 


Case 1, a male West-African Negro from Ghana aged 29 years, was first found to have 
peripheral retinal changes while being examined for a pair of spectacles on September 16, 
1952. His visual acuity could be corrected to 6/6 in each eye and he had no symptoms. 

The retinal changes consisted of numerous deep and superficial haemorrhages round the 
periphery of both fundi, with varicose swellings of the retinal vessels. In one area at 
4 o’clock in the left eye there was retinal fibrosis. The diagnosis of Eales’s disease was 
made, and the patient was examined for signs of tuberculosis, but no evidence of this was 


a eS aE ee ae ae ee eee 


OCULAR COMPLICATIONS HAVE BEEN REPORTED 





Signs 





Ocular Complications 


Cardio- 


Vascular 
System 


Genito-urinary 
System 


Central Nervous 


Radiology Souter 





Haematuria Vitreous haemorrhages 
(Chapman, Fried- | Four cases (Isbey and 
man, and Reader, others, 1958) 

1955} One case (Kennedy 
and Cope, 1957) 





Lesions mainly due to | Frequent signs due | Systolic { Haematuria Greenish yellow 
haemolytic anaemia to cerebral murmur conjunctivae 


in skull, vertebrae, infarcts Dilated | Priapism Fundi showed 
and tibia heart engorged tortuous 


veins (Smith and 
Conley, 1854; 
Harden, 1937; 
Wintrobe, 1956; 


Hook and Cooper, 
1958) 


infarction in hands 
and feet 





Lesions mainly due to ( Subarachnoid Frequent haematuria | Vitreous haemor- 
infarction haemorrhages (Smith and Conley,| _rhages 
Aseptic necrosis of Convulsions (Cook, 1954; Chapman Characteristic 
humeral and femoral 1930; Hannon, and others, 1955) peripheral retinal 
heads 1956; Hook and Decrease in urinary changes 
Bone infarcts especially| Cooper, 1958) concentration 
in tibia ability (Goodman 
and others, 1957) 


Lesions mainly due to | 





Rudd, Evans, and 
Peeney (1953) 

Exudative detachment 
of retina 


Haemorrhages 
(This may have been 


a case of SC) 
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found and a Wassermann reaction was also negative. The patient then left London, but 


he returned 6 years later to the same clinic, giving a history of loss of vision in the left eye 
of 7 weeks’ duration. There had been three similar attacks between 1955 and 1957 in the 


same eye with recovery on each occasion. He had noticed that the attacks always 
followed an attack of ‘‘influenza’’. 


Past History.—Joint pains in arms and legs all his life, until a few years ago. No 
haematuria, The patient was uncertain whether he had had malaria. 


Family History.—Father died aged 69, mother alive and well, no consanguinity. Six 
married sisters all well with no complications during any of their pregnancies. One 
nephew reported to have had convulsions. 


Ophthalmological Examination (14.8.58) 
Right Eye: Visual acuity 6/4. Anterior segment normal. Vitreous clear. Fundus 


showed widespread peripheral arteriovenous communications with varicose dilations and 
small pigmented retinal scars not directly associated with the vessels. At 3 o’clock there 
was a curious “red” area which simulated the appearance of a retinal tear and this was 
surrounded by marked fibrosis. No sheathing of the vessels was present. 


Left Eye: Visual acuity perception of light. Anterior segment normal. Ocular 
tension normal. Total vitreous haemorrhage obscured fundus details. 


General Examination.—No abnormality beyond a palpable spleen. 


Laboratory Findings 
Blood: Red cell count and differential white cell count normal, except for a slight eosinophilia. 
Blood Film: Red cells showed many target forms. These are red cells with a peculiar aggre- 
gation of central pigment. There were no nucleated red cells. Slight anisocytosis, poikilocytosis, 


25 per cent. sickling of red cells in anaerobic preparations after 24 hrs, and marked sickling in wet 
sealed preparations after 1 hour. 


Serum Electrophoresis: Abnormal haemoglobins S and C. 
Serum Bilirubin: 1-25 mg. per cent. 

Blood Wassermann Reaction: Negative. 

Filarial Complement-Fixation Test: Negative. 

Urine: Marked excess of urinobilinogen. 


Stools: Hookworm ova. 
X-rays: Skull, chest, shoulders, hips, and tibia normal. 


Treatment.—Diamox 500 mg. daily to reduce dissociation of oxyhaemoglobin. 


Progress.—When the patient was last examined (10.2.59) the visual acuity was 6/5 with 
glasses in the right eye, and 6/12 with glasses in the left. Fig. 2 (a, b, opposite) shows the 
fundus appearances at the last examination. The “red” area is shown in Fig. 2 (a). 


Case 2, a male West-African Negro from Ghana aged 24 years, was admitted to hospital 
after a light blow to the right eye which seemed to cause loss of vision. The visual acuity 


had previously been recorded at a medical examination as 6/6 in each eye, with a correc- 
tion for low myopia. 


Past History.—Recurrent pains in arms and legs since childhood had ceased to trouble 
him in 1950. There had been pain in the left hypochondrium with fever in 1958. He had 
never been known to be anaemic or jaundiced and had no history of haematuria. He 
had had several attacks of malaria. 
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RIGHT EYE oes “he LEFT EYE 


Fic. 2(a).—Case 1, right eye, showing . Fic. 2(b).—Case 1, left eye, 
“red” area and terminal vascular showing peripheral retinal 


arborizations in temporal retinal peri- fibrosis in the temporal 


phery. There is also a pigmented area. 
retinal scar and sub-retinal fibrosis in the 
area of theanastomotic communications. 


Family History.—One brother (an electrophoretically proved case of sickle-cell haemo- 
globin C disease) had no ocular pathology but gave a history of bone and joint pains 


since childhood. There was splenomegaly, and some target cells in his peripheral blood 
smear. 


Ophthalmological Examination (26.3.58) 

Right Eye: Visual acuity hand movements at 2ft. Anterior segment normal. Ocular 
tension normal. There was an almost total vitreous haemorrhage, but a thrombosed 
inferior temporal retinal vein could be seen at the periphery associated with some old 
choroido-retinal scarring. 

Left Eye: Visual acuity 6/6 with glasses. Mediaclear. Old choroido-retinal changes 
associated with thrombosed retinal veins at 2 o’clock. 

General Examination.—No abnormality except for a slight splenomegaly. 


Laboratory Findings. 
Blood: Hb. 106 per cent. ; colour index 1-9; white blood cells 5,700 c.mm., reticulocytes 3-5 per 
cent. (Counts done on alternate days range from 1 to 8 per cent.). 
Blood Film: Rapid sickling occurred when incubation was carried out with a young culture of 
B. pyocyaneus. Target cells greatly increased. Circulating sickle cells 1 per cent. 
Serum Electrophoresis: Abnormal haemoglobins S and C. 
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Serum Bilirubin: Varied over 3 months between 0-4 and 1 mg. per cent. 

Erythrocyte Sedimentation Rate: 2mm./hr. 

Mantoux Reaction: Negative in all dilutions. 

Blood Wassermann Reaction: Negative. 

Urine: Slight excess of urobilinogen. 

Stools: Nothing abnormal. 

X-rays: Skull, chest, shoulders, and hips normal. Infarct in upper third of right tibia (Figs 
3 and 4). 


Fic. 3.—Case 2, upper third of right tibia, Fic. 4.—Case 2, upper third of right tibia 
showing infarct. (tranverse view). 


Treatment.—On admission to hospital he was given a course of streptomycin and 
isoniazid for 2 weeks and later 500 mg. Diamox daily. Topical therapy consisted of 
atropine and prednisolone ointment twice daily to the right eye because low grade uveitis 
was present. 

Progress 

The right eye showed no evidence of absorption of the haemorrhage and the vitreous 
gave a yellowish reflex through the pupil. This eye became tender and hypotonic, with a 
heavy aqueous flare. The visual acuity fell to hand movements at | ft, but at an examina- 
tion carried out on February 12, 1959, it had improved to counting fingers at 6 ft. The 
ocular tension was normal, although there was still a faint flare in the anterior chamber, 
and the vitreous had cleared sufficiently to show an extensive exudative retinal detachment. 

The left eye, which had always appeared normal with the exception of the changes 
previously described, now showed slight fullness of the retinal veins and a clump of fresh 
haemorrhages in the nasal periphery. The visual acuity was 6/6 with glasses. 








SICKLE-CELL HAEMOGLOBIN C DISEASE 9 


Case 3, a female Nigerian nurse aged 21 years, attended the casualty department in 
December, 1957, with a history of blurred vision in the left eye for the past 4 months. 


Past History.—Haematuria in 1951. Frequent joint pains in knees, elbows, and shoul- 
ders, for as long as she could remember. 

She had been investigated at another hospital 3 months before, and it had been found 
that she had peri-vasculitis, exudative detachments, and uveitis which was thought to be 
of tuberculous origin. A general examination had shown no abnormality except for 
hepatosplenomegaly. She had received a course of streptomycin, isoniazid and pred- 
nisolone, and more recently systemic Terramycin. The erythrocyte sedimentation rate 
and chest x rays were normal, and the Mantoux test negative for all dilutions. Apart 
from a haemoglobin of 73 per cent. no abnormality was found in the blood. 


Family History.—Father alive and well; mother died aged 30 and had always been in 
poor health. 


Ophthalmological Examination.—Visual acuity 6/9 in the right eye and 6/12 in the left 
unaided. The anterior chambers showed cellular deposits on the posterior surfaces of the 
cornea. The fundi showed areas of retinal fibrosis at the periphery, anastomotic net- 
works, haemorrhages, and sheathed vessels. 


Laboratory Findings 
Blood: Red cells 4 million per c.mm.; Hb. 73 per cent. (10-8 g. per cent.); colour index 0-9; 
packed cell volume 33 per cent.; mean corpuscular volume 82 cu.z; mean corpuscular haemo- 
globin concentration 32 per cent.; mean corpuscular haemoglobin 27 yy. 
* Blood Film: White cells no abnormality; red cells moderate anisocytosis with slight{hypo- 
chromia and polychromasia. Numerous target cells (Fig. 5a). Anaerobic preparations showed 
marked sickling (Fig. 5b). Osmotic fragility decreased. 


Fic. 5(a).—Case 3, blood smear, showing Fic. 5(6).—Case 3, blood smear, showing 
target cells. x 645. sickle cells. x 645. 


* Serum Electrophoresis: Haemoglobins S and C only. 
Erythrocyte Sedimentation Rate: 15 mm./hr. 
Blood Wassermann Reaction: Negative. 





* When haemoglobin C is present, target cells are found in the greatest number in the peripheral smear. They are 
also found in the blood of cases with haemoglobin E and S and thalassaemia. Osmotic fragility is reduced more or 
less proportionally to the number of target cells. 
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Progress.—Figs 6(a) and 6(6) show the fundus appearances of Case 3 in January, 
1959. The visual acuity remained at 6/9 in the right eye and 6/12 in the left without 


glasses. 


LEFT EYE 


Fic. 6(a).—Case 3, left eye, 
showing peripheral retinal 
fibrosis and terminal vas- 
cular arborizations. 


RIGHT EYE 


Fic. 6(b).—Case 3, right 
eye, showing peripheral 
retinal fibrosis and terminal 
vascular arborizations with 
arterio-venous anastomotic 
communications. 
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Case 4, a male Jamaican aged 28 years, first attended hospital in October, 1956, with loss 
of vision in the left eye for 6 days. No previous eye symptoms had been noted. 


Past History.—Glandular fever, 1955. No history of rheumatic pains, haematuria, or 
any other symptoms suggesting episodes of infarction. No malaria. Acute otitis media 
also occurred in 1955 and a Kahn test carried out then was positive. Congenital syphilis 
was diagnosed at this time and a course of systemic penicillin and bismuth was given. 


Family History.—One brother gave a history of splenectomy in 1955 for an ‘‘ obscure 
haemolytic anaemia’’; he was fully examined and the findings are given below (Case 5). 
The patient’s sister and another brother were found to have haemoglobin AA and AC 


respectively. 


Ophthalmological Examination. 
Right Eye: Visual acuity 6/6 unaided. 
Left Eye: Visual acuity could not be improved beyond 6/36 with a pin-hole lens. The 
vitreous was full of strands and coarse opacities behind which was a retinal detachment of 
indeterminate extent. 


General Examination.—No abnormality. Spleen not felt. 


Laboratory Findings. 
Blood Count: Anaemia and leucocytosis. 
Blood Film: Numerous target cells; sickling under anaerobic conditions. 
Serum Electrophoresis: Approximately equal quantities of haemoglobins S and C. 


X-rays: No abnormality. 


Treatment.—A course of systemic cortisone with topical cortisone and atropine. 


Progress 


Left Eye: The diagnosis of a long-standing retinal detachment having been made, 
the patient was kept under observation. No changé was observed in the next 2 years and 
the visual acuity remained at 6/36. 


Right Eye: In October, 1958, the patient experienced a cloud of floating opacities in 
this eye. The vitreous was clear with a small area of old choroiditis at 8 o’clock at the 
periphery. Within the month the visual acuity had fallen from 6/5 to 6/12 and a thin 
vitreous haemorrhage appeared. The periphery of the retina showed areas of fibrosis and 
haemorrhage with red patches simulating retinal tears. Tortuous ‘‘terminal”’ vessels with 
small superficial haemorrhages were also noted. Although the vitreous haemorrhage had 
increased by November, the periphery remains clearly visible and showed dense white 
areas in relation to peripheral retinal veins with some protrusion into the vitreous. 


By the end of November, 1958, the-vision in the right eye had returned to normal and the 
vitreous haemorrhage had cleared sufficiently for a view of the retina to be obtained. The 
‘“*red’’ areas were no longer present, but pure white areas of retinal scarring were seen at 
the periphery in the nasal and temporal areas of the retina with telangiectatic vessel 
formation on their surfaces. The visual acuity was 6/6. 
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Fig. 7 shows the nasal periphery of the right fundus of Case 4 as it appeared in January, 
1959. A “‘red”’ area is seen at 5 o’clock. 


Case 5, a male Jamaican aged 34 years, 
was examined for fundus lesions be- 
cause he was the brother of Case 4. 


Past History.—There had been a 
suggestion of pulmonary infarction in 
1956, the symptoms of which occas- 
ioned a visit to the Chest Clinic, 
where he complained of pleuritic pain 
and haemoptysis. No abnormality 
had been found, either clinically, 
radiologically, or in a Lowenstein 
sputum culture, but 6 months later his 
spleen had been removed because of 
persistent pain in the left hypochon- 
drium, and hepato-splenomegaly was 
seen to be present. 

He had had ‘‘rheumatism”’ in the 
fingers, and osteomyelitis of the left 
tibia had been noted in childhood. 
There was no history of malaria or 
of visual symptoms. 


Ophthalmological | Examination.— 


The visual acuity was 6/5 in both 
eyes. The media were clear. The 
right fundus showed anastomotic 
arcades of the peripheral retinal 
vessels, and the left showed typical 
brush-like tufts or networks of new 
vessels associated with areas of fibrosis 
in the nasal periphery. 


Laboratory Investigations 


Blood: Hb. 85 per cent.; white cells 

10,000 per cu. mm; differential count 

normal; erythrocyte survival time normal. 

: Blood Film: No malarial parasites. 

pA relish ny og Target cells very numerous. Marked 

pheral fibrosis with “red” sickling in a wet sealed preparation left 
areas at 5 o’clock. standing overnight. 


Serum Electrophoresis: Approximately equal quantities of abnormal haemoglobins S and C. 

Blood Wassermann Reaction and Gonococcal Complement-Fixation Test: Negative. 

Liver Biopsy: Thickened capsule. Intralobular fibrous tissue unusually prominent. Scattered 
foci of inflammatory cells. 

Spleen: Markedly congested, the capsule being thickened by fibrosis and deposition of 
fibrinoid material. 
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Bone Marrow: Normal. 
Splenic Phlebogram: Portal and splenic veins normal. 


ep 6, a male Jamaican aged 28 years, complained of a gradual failure of vision in the 
left eye. : 


Past History.—Recurrent attacks of rheumatic pains in shoulders, back, and hips. 


Family History.—Nothing relevant. 
Ophthalmological Examination 
Left Eye: There was an exudative 

retinal detachment inferiorly, but 
detailed examination of the fundus 
was difficult because of the presence 
of an immature cataract. 

There was no evidence of uveitis 
and the visual acuity was perception 
of light in the temporal area. 


Right Eye: The visual acuity was 
6/6, but a bunch of anastomotic 
vessels ending in bulbous dilations 
and surrounded by _ superficial 
haemorrhages was visible at the 
periphery at 8 o’clock. 


General Examination.—No abnor- 
mality. 


Laboratory Findings 


Blood Count: Mild normochromic 
normocytic anaemia. 

Blood Film: Numerous target cells. 
Anaerobic preparations showed marked 
sickling. Osmotic fragility decreased. 


Serum Bilirubin: 0.1 mg. per cent. 


Serum Electrophoresis: Abnormal 
haemoglobins S and C only. 


X-rays: Skull, shoulders, hips, and 
long bones normal. 


Seine coe S, Sa Treatment—The anastomotic 
following light coagulation vessels in the temporal periphery 
performed 3 weeks pre- have since been treated by light 


viously. coagulation (Fig. 8). 


Cases 7 and 8 are typical of sickle-cell haemoglobin C disease, but in these 
cases the diagnosis was not proved by electrophoresis. 


Case 7, a male Nigerian aged 28 years, first attended in May, 1953, complaining of a 
“*floater” in the left eye. 
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Ophthalmological Examination.—The visual acuity was 6/6 in each eye with clear 
mediae, but at the periphery of the right fundus discrete red ‘“‘punched-out”’ areas were 
seen simulating retinal tears. Most of the peripheral retinal veins had a brush-like 
termination. The left fundus showed a peripheral ridge of fibrosis temporally. 


- 


Progress —He did not 
attend for one year, but 
returned in 1954 because 
of floating opacities in the 
right eye which were found 
to be due to a slight 
vitreous haemorrhage. 

In 1955 he suffered a 
marked vitreous haemorrh- 
age in the left eye, and was 
treated as a case of Eales’s 
disease with 50 mg. iso- 
niazid three times daily for 
over a year, during which 
time the visual acuity im- 
proved from 5/60 to 6/9. 

The patient returned to 
Nigeria in 1957. The fun- 
dus appearances are shown 
in Fig. 9 (a and 5b). 


Fic. 9(a).—Case 7, left eye, showing 
typical peripheral retinal fibrosis and 
vascular networks. 


Fic. 9(b).—Case 7, right eye, showing 
peripheral retinal vascular arborizations 
and arterio-venous communications, 


with “red” area at 10 o’clock. 


Laboratory Findings (1957) 
Blood Count: Normal. 


__ Blood Film: Numerous target cells. Slight anisocytosis and hypochromia. Moderate sick- 
ling in anaerobic preparations. 
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Case 8, a male Jamaican aged 26 years, first attended in February, 1955, complaining of 
sudden blurring of vision in the left eye 2 weeks previously. 


Past History.—No previous illnesses reported. 


Family History.—Nothing relevant. 


Ophthalmological Examination.—The visual acuity was 6/12 in the right eye and 6/18 in 
the left unaided. Bilateral vitreous opacities were present but there were no cells in the 
anterior chambers. Extensive bilateral retinal changes could be seen and these are shown 
diagrammatically in Fig. 10. 


RIGHT EYE LEFT EYE 


String of pe 
Shallow 
aneurysms exudative 
- detachment 
Grey 
patch Red area 
like a 
Sheathed retinal tear 
* vein 


Peripheral 
organized 
patch of 
exudate 





Exudate in retina and vitreous 


Vitreous haemorrhage 
obscuring inferior part of retina 


Fic. 10.—Case 8, diagram of bilateral retinal changes. 


General Examination.—No abnormality. 


Laboratory Findings 
Blood Count: Normal. 


Blood Film: Numerous target cells; anisocytosis; poikilocytosis; 100 per cent. sickling after 
24 hrs. 


Blood Wassermann Reaction, Kahn Test, and Gonococcal Complement-Fixation Test: Negative. 
Brucellosis Agglutination Test: Negative. 

Toxoplasmosis Complement-Fixation Test: Negative. 

X-rays: Skull and chest normal. 


Progress.—He was kept under observation until August, 1955, when he returned to 
Jamaica. The visual acuity was then 6/9 in the right eye, and 6/18 in the left. The 
vitreous had cleared but the fundus appearances were almost unchanged, except that the 
oedema had subsided and there was more peripheral retinal fibrosis. 
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Case 9, a female Jamaican aged 32 years, first attended in September, 1959, complaining of 
deterioration of vision of the right eye over the past 2 years. 


Past History 


Obstetric ——A normal confinement in 1945. Two incomplete abortions in 1953. In 
1954, when she was 35 weeks pregnant, the patient had a severe crisis characterized by 
widespread joint pains with pyrexia and pneumonic consolidation which was considered 
to be embolic in origin, This was reported by Bannerman and White (1957). 


Vascular.—Repeated painful vascular lesions in the toes in coid weather, much 
improved by lumbar sympathectomy. 


Family History.—The husband has norma) haemoglobins. The child of the last 
pregnancy (1957) has the C trait although he could equally well have inherited the abnorma) 
haemoglobin S from his mother to obtain the sickle cell-trait. 


Ophthalmological Examination 
Right Eye: Visual acuity counting fingers. Peripheral lesions characteristic of 
sickle-cell haemoglobin C disease (“‘red” areas, fibrous tissue, and aneurysmal dilations) 
were seen all round the periphery. The macula showed a “hole” formation which was 
probably secondary to previous posterior uveitis. 


Left Eye: Visual acuity 6/9. Similar peripheral vascular changes were seen. A very 


Jarge “‘red’”’ area extending from 4 to 7 o’clock simulating a retinal dialysis disappeared 
within 3 weeks. There was also a thin vitreous haemorrhage which was described as a 
“floater” by the patient. One week later no fundus details could be seen because of a 
dense vitreous haze which appeared to be due not only to haemorrhage but also to 


posterior uveitis. 


Laboratory Findings 
Blood: Hb. 87 per cent. (12-89 per cent.), white cell count normal. 
Blood Film: Anisocytosis and hypochromasia. Numerous target cells. Anaerobic prepara- 
tions showed sickling after 30 min. with 2 per cent. sodium bisulphite. 
Serum Electrophoresis: Abnormal haemoglobins § and C. 
Erythrocyte Sedimentation Rate: Normal. 


Stools: Occult blood. 


X-rays: Chest, tibia, and feet normal. 


Treatment.—The patient was admitted for a course of systemic prednisolone. (initially 
40 mg. per day) and Diamox (7 mg. per kg. body weight daily). Topical therapy con- 


sisted of atropine and prednisolone. 


Progress.—While under this treatment the patient complained of excruciating pain in 
the right elbow which was only partly relieved by pethidine. X-rays of this region 
showed small dense areas in the interior of the lower end of the right humerus. These were 
considered consistent with tiny infarcts, although but for the patient’s medical history 
these lesions might have been passed over as islands of dense bone which are not un- 
common in normal subjects (Fig. 11, opposite). 

The vitreous of the left eye cleared completely except for a white posterior vitreous 
opacity which floated about in front of the macula. All the ‘“‘red’’ areas disappeared and 
the periphery of the fundus seemed to have fewer areas of fibrosis, The visual acuity was 
6/12 when the patient was discharged after one month’s treatment. 
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Fic. 11.—Case 9, right humerus, showing infarct. 


Discussion 


Of nine Negro patients aged between 20 and 30 years with ocular complica- 
tions, seven were proved by electrophoresis to have sickle-cell haemo- 
globin C disease. The fundus appearances are identical with those previously 
ti in the literature. The nine cases are summarized in Table [IT (over- 
Cal ). 

The disease may be symptomless from both the general and the ocular 
standpoint. The clinical diagnosis was made on the fundus appearance 


alone by Smith and Krevans (1959). Ocular complications have so far been 
described by Edington and Sarkies (1952), Smith and Conley (1954), Hannon 
(1956), Kennedy and Cope (1957), Goodman and others (1957), Isbey and 
others (1958), and Smith and Krevans (1959). All these were proved by 
electrophoresis to be cases of sickle-cell haemoglobin C disease, but other 
writers have reported ocular changes typical of those found in the proven 
disease. Henry and Chapman (1954) divided 29 cases into two groups, one 
with sickling and anaemia and the other with sickling without anaemia. The 
criteria for the anaemia, which would not have been completely satisfied by 
any of the cases reported here, were a red cell count of less than 3-5 million, 
haemoglobin of less than 11 gm., serum bilirubin of less than 1 mg., and a 
reticulocyte count of more than 1 per cent. Five patients in the first group 
and four cases in the second showed recurrent vitreous haemorrhages, 
peripheral gliosis, and choroido-retinal scarring. Electrophoretic studies 
were not carried out, but it is interesting that Goodman and others (1957) 
later proved one of these to be a case of sickle-cell haemoglobin C disease 
and included it in their own series. Rudd, Evans, and Peeney (1953) reported 
ocular complications in a cast of thalassaemia minor, but later investigations 
showed latent sickling of the patient’s red cells. This man came from West 
Africa where there is a high incidence of haemoglobin C. 
2 
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TABLE II CLINICAL 





Case No. 1 2 3 4 
Age (yrs) 29 24 21 27 


Country of Origin Ghana Ghana Nigeria Jamaica 











Sex Male Male Female Male 





Reason for Refraction Injury followed by | Blurred vision | Loss of vision 
Examination No symptoms loss of vision left eye left eye 


right eye 


History of + 
Rheumatism 








Haematuria - - + 





General Splenomegaly Splenomegaly Hepato- 
Examination Bone infarct splenomegaly 





Principal Features | Right: Varicose Right: Vitreous Both: Peripheral | Left: Old retinal 
of Ocular **terminal”’ dila- haemorrhage retinal fibrosis detachment 
Pathology tations Exudative retinal} and sheathing | Right: Vitreous 
**Red” area detachment haemorrhage 
Fibrosis Both: Peripheral ‘**Terminal” 

Left: Total vitreous; choroido-retinal anastomoses 
haemorrhage scarring and **Red” areas 

thrombosed Fibrosis 

retinal veins 





Ultimate} Right 6/5 Counting fingers 6/6 
Visual 
Acuity | Left 6/12 6/6 











Anisocytosis and + + 
Poikilocytosis . 


Target Cells ++ ++ 








Latent Sickling 25 per cent. Marked Marked Marked 

















Electrophoresis S and C S and C S and C S and C 





The retinopathy of sickle-cell haemoglobin C disease is confined mainly to 
the periphery, which may explain why it may be overlqoked in a routine 
ophthalmoscopic examination without dilatation of the pupil. 

The characteristic appearances are the following: 

(1) Arterio-venous anastomotic communications with terminal bulbous or 
varicose dilatations. 

(2) Brush-like terminations of the peripheral retinal capillaries and new 
vessel formation. 

(3) Peripheral areas of choroido-retinal atrophy. 

(4) Peripheral fibrosis. 

(5) Curious “‘red’’ areas which have been ascribed to thin pre-retinal or 
sub-retinal haemorrhages. 
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FINDINGS IN NINE CASES 





5 


6 


7 


8 


9 





23 


28 


28 


26 


32 





Jamaica 


Jamaica 


Nigeria 


Jamaica 


Jamaica 





Male 


Male 


Male 


Male 


Female 





Brother of Case 4 


Gradual failure of 


vision left eye 


‘*Floater”’ left eye 


Blurred vision left 
eye 


Blurred vision 
both eyes 





+ 








Hepato- 
splenomegaly 


Splenomegaly 
Bone infarct 





Left: Peripheral 
retinal tufts of 
new vessels and 
fibrosis 

Right: Anastomotic 
arcades of 
peripheral vessels 


Right: ‘‘Terminal”’ 
anatomoses 

Left: Exudative 
retinal detach- 


cataract 


Right: ‘‘Red” 
punched-out 
areas 
Peripheral 
retinal tufts of 
new vessels 

Left: Peripheral 
fibrosis 

Both: Vitreous hae- 
morrhage later 


Both: Vitreous 
haemorrhage 
**Red” areas 
Peripheral new 
vessel formation, 
fibrosis, and 
sheathing 

Left: Exudative 
retinal 
detachment 


Both: Vitreous 
haemorrhage 
and cellular 
infiltration 
Peripheral 
retinal fibrosis 
New vessel 
formation 
**Red”’ areas 





6/5 


6/6 


6/6 


6/9 


6/60 





6/5 


Perception of light 


6/9 


6/18 


6/12 





Slight 


a 


op 


+: 


+ 





tb 


++ 


++ 


++ 


++ 





Marked 


Marked 


Moderate 


100 per cent. 


Marked and rapid 
75 per cent. 





S and C 








S and C 


Not done 





Not done 





S and C 





(6) Thrombosed peripheral retinal veins. 
(7) Exudative retinal detachment. 


Vitreous haemorrhage, uveitis, and cataract may be additional complica- 


tions. 


ance of the retinal vascular lesions. 


without any diminution of the visual acuity. 
These ocular complications have been confirmed by Edington and Sarkies 
(1952), who described peripheral morula-shaped micro-aneurysmal dilata- 


tions and vitreous haemorrhage. 


Vitreous haemorrhage may occur some years after the first appear- 
The retinopathy may be present 


Smith and Conley (1954), in their admirable 


paper on the clinical features of the genetic variants of sickle-cell disease, 
reported that three of the sixteen patients with sickle-cell haemoglobin C 
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disease had had one or more episodes of vitreous haemorrhage. One of 
their patients had peculiar aneurysmal dilatations at the macular region, 
and this eye suffered vitreous haemorrhage one year later. The fellow eye, 
reported as normal then, later developed similar changes in the macular 
region. Hannon (1956) reviewed 140 cases of “sickle-cell disease” seen 
between 1936 and 1952. After electrophoresis had been carried out on some 
of these, twenty cases of sickle-cell haemoglobin C disease were revealed, 
seven of them with vitreous haemorrhages. Of 62 with the sickle-cell trait, 
only one had a fundus abnormality which consisted of dilated retinal veins. 
Sickle-cell anaemia was found in 53 cases, and 25 of these had dilated tortuous 
retinal veins, but in none was there any retinopathy or vitreous haemorrhage. 
Hannon described the earliest vascular abnormality, in his series of sickle-cell 
haemoglobin C disease, as the appearance of neovascular anastomotic 
networks of five vessels, with corkscrew venules arranged in multiple arboriz- 
ing formations projecting into the vitreous. The latter were thought to be 
the site of ultimate bleeding. Occluded peripheral temporal veins and raised 
whitish peripheral plaques of glial tissue were also described. Kennedy and 
Cope (1957) described peripheral retinal gliosis and recurrent vitreous 
haemorrhages in one case but also noted dilated retinal veins. These seem 
uncommon in sickle-cell haemoglobin C disease but rather more likely in 
sickle-cell anaemia where the heart is dilated and there is a high cardiac 
output. This case progressed finally to uveitis and hypotony. Isbey and 
others (1958) described three cases with spontaneous vitreous haemorrhages, 
peripheral exudative detachments, gliosis, and occluded peripheral vessels, 
but were unable to corroborate the usually prevalent terminal vascular 
arborizations. In one of their cases, operation of the retinal detachment 
failed and the eye was later enucleated. 

Goodman and others (1957) reported fundus changes similar to those 
described in this paper when they recorded four cases of sickle-cell haemo- 
globin C disease. In one case the “red” areas changed position repeatedly 
and disappeared after a few days. Vascular loops projecting into the 
vitreous confirmed the earlier findings of Hannon (1956), and fibrous tissue 
proliferation, exudative detachments, and terminal bulbous dilatations com- 
pleted the typical picture. Aneurysmal 
dilatations of the conjunctival vessels, also 
seen in Case 1 of this series (Fig. 12), 
were illustrated. 





Fic. 12.—Case 1, left eye, showing aneurysmal 
dilatation of conjunctival vessel. 
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Complicated cataract also occurred as in Case 6. Smith and Krevans 
(1959), in a survey of 43 cases, found eight with the typical ocular changes 
previously described; eight had aseptic necrosis of the hip, three had haema- 
turia, and nine out of thirteen had increased morbidity or mortality associated 
with pregnancy. 

It is curious that no case of vitreous haemorrhage has so far been described 
in a case of sickle-cell anaemia, proved by electrophoresis, despite the higher 
incidence of thrombotic episodes elsewhere in the body, although four 
instances were described in patients with the sickle-cell trait by Isbey and 
others (1958). This is certainly a relatively common complication in sickle- 
cell haemoglobin C disease, as the cases reported in this paper tend to 
confirm. 

Sickle-cell haemoglobin C disease resembles Eales’s disease in that recurrent 
vitreous haemorrhages are characteristic in both. The age group is approxi- 
mately the same. However, where retinal detachment in the former is 
exudative, in the latter it is usually due to traction. In the external haemor- 
rhagic retinitis of Coats, there is also some resemblance both in the age group 
and in the clinical appearance. Glomerular-like tufts, anomalous anasto- 
moses, and spiral tortuosities of the vessels may be seen (Duke-Elder, 1940), 
but the organized sub-retinal haemorrhages in sickle-cell haemoglobin C 
disease are peripheral, whereas in Coats’s disease although the periphery may 
be affected the posterior pole is also involved. Characteristically there is no 
vitreous haemorrhage in Coats’s disease. Reese (1956) considered Coats’s 
disease to be basically a more or less masked telangiectasis of retinal vessels. 
Occlusion of retinal veins caused by sub-endothelial deposition of a poly- 
saccharide causes new vessel formation with aneurysmal dilatations. Con- 
glomerate masses of these micro-aneurysms simulate telangiectasis clinically. 
These abnormal vessels described by Reese were dispersed throughout the 
retina with the retinal tissue as their stroma. Angiomatosis retinae may also 
simulate the retinopathy of sickle-cell haemoglobin C disease. 

Infarction of end arteries produces characteristic radiological changes in 
sickle-cell haemoglobin C disease. These may occur at the head of the femur 
causing necrosis simulating Perthe’s disease and Caisson disease. The infarct 
at the upper third of the tibia in Case 2 occurred at a site usual for a Brodie’s 
abscess and also for embolic mycetoma (Abbott, 1959). By the time the 
infarct is discovered radiologically, however, it may be some distance from 
the metaphysis where it originally began as a result of growth having taken 
place at the epiphyseal line. Phemister (1940) describes a bone infarct at this 
site in a case of generalized arteriosclerosis. The radiological appearance is 
identical. Infarction probably occurs in this area because this is the site 
for end arteries with poor anastomosis between them. Harris, H. A. (1929) 
stated that the phenomena of disease in the juxta-epiphyseal zone or meta- 
physis are essentially phenomena of infarction and that infarction in bone does 
not differ, in any essential manner, from infarction in other organs supplied 
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by end arteries. Although Harris mentioned only the lung, liver, spleen, 
kidney, and brain, all of which can be involved in sickle-cell haemoglobin C 
disease, he might well have added the eye. 

In time, a small bone infarct may be reduced in size by new bone sub- 
stitution and it may ultimately be replaced completely in the diaphysis, but 
in the shafts iarge infarcts are walled off by fibrous tissue which gives a sharp 
line of demarcation when ossified (Phemister, 1940). 

Two fatal cases of sickle-cell haemoglobin C disease were reported by 
Smith and Krevans (1959), one of which had massive bone marrow emboli in 
the lungs and fat emboli in the brain and kidney, while the other had multiple 
small thrombi in the pulmonary arteries and areas of pulmonary necrosis. 

Death due to a crisis in a 48-year-old Negress with sickle-cell disease was 
reported by Diggs and Jones (1952); they considered that the contributory 
factor was an alcoholic bout. This patient was carrying out a full day’s work 
cotton picking shortly before her death, which was due to multiple throm- 
boses and focal necrosis in brain, lungs, bone marrow, and liver. No large 
arteries Or venous sinuses were thrombosed, but sickle cells distended the 
capillaries in all areas. 

The authors point out that in sickle-cell anaemia the thromboses are of the 
larger dural veins and meningeal arteries with involvement of the grey matter, 
whereas in their patient with sickle-cell haemoglobin C disease the haemor- 
rhages occurred in the small vessels of the white matter. Perhaps this is why 
one does not see the peripheral retinopathy in sickle-cell anaemia, but only 
in the sickle-cell trait or disease where the capillaries are solely affected. 

The increased morbidity or mortality associated with pregnancy is probably 
greater than in any other haemoglobinopathy. 

General anoxaemia, whether due to anaesthesia, high altitudes, pneumonia, 
or diminished oxygenation of the lungs (even if this is due to drugs or the 
stupor following an alcoholic bout), may precipitate a sickling crisis. 

The importance of recognizing this disease, which can maim, blind, or even 
kill given unfavourable conditions, cannot therefore be over-emphasized. 

Although electrophoresis may be impracticable as a routine investigation, 
the staining of peripheral blood smears or examination for latent sickling is 
possible and should be done in Negroes with any symptoms suggestive of an 
infarctive episode. Examination of the peripheral fundus also may reveal 
signs of capillary occlusion which may be symptomless and therefore a 
useful adjunct in the confirmation of sickle-cell haemoglobin C disease. 
Such an examination should always be included at the first ante-natal visit. 
Prevention of further complications could also include oxygen inhalation to 
combat local anoxaemia (Bauer, 1940), diathermy to the retinal sites presumed 
to be ultimate sources of intra-ocular haemorrhage (Hannon, 1956), avoid- 
ance of anoxaemia, and Diamox given in doses of 250 mg. per day. 

There is some evidence that Diamox reduces the number of sickling 
episodes in sickle-cell anaemia, but this has not been demonstrated so far in 
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sickle-cell haemoglobin C disease. Charmot and Raynaud (1958) treated ten 
children with Diamox (5-10 mg./kg. body weight) and found that they had 
shorter and less painful crises than forty controls also suffering from sickle- 
cell anaemia. Hilkovitz (1957) described the mode of action of this drug 
which, by its inhibition of the tissue carbonic anhydrase, lowers the plasma 
CO, level and therefore the oxyhaemoglobin dissociation is suppressed. 

Fowler, Smith, and Greenfield (1957) found that all the patients they studied 
who had sicklaemia showed a reduction in arterial oxygen saturation. Oxygen 
saturation of sickle and normal haemoglobin at comparable tensions and pH 
showed a consistently lower uptake of oxygen by sickle haemoglobin. 

The pulmonary defect found in their cases of sickle-cell anaemia (which is 
not seen in sickle-cell haemoglobin C disease) was considered to be one factor 
in the difficulty in maintaining a normal alveolar-arterial oxygen tension 
gradient. The dissociation curve of oxyhaemoglobin is therefore displaced 
to the right of normal. Wyman and Allen (1951) found however that dialysed 
sickle-cell haemoglobin had the same oxygen dissociation curve as normal 
haemoglobin similarly prepared. This suggested the defect does not occur 
in the haemoglobin itself but in the red blood cell. The possibility of a 
reduced pH in the red blood cell was postulated. 

According to a leading article in the Lancet (1957), patients with 50 to 80 
per cent. haemoglobin S, such as is found in sickle-cell haemoglobin C 
disease where the proportions of haemoglobin S and C are equal, may show 
sickling at an oxygen partial pressure of 40mm. This may therefore occur at 
4,000 to 6,000 ft in unpressurized aircraft. Several cases of splenic infarction 
occurring during an aeroplane flight have been recorded amongst Negroes 
suffering from the sickle-cell trait or sickle-cell haemoglobin C disease 
(Rotter, Luttgens, Peterson, Stock, and Motulsky, 1956; Smith and Conley, 
1955). 

Vasodilators have been used; Goodman and others (1957) used them to 
prevent obstructive vascular complications in the last trimester of pregnancy 
and post partum. 

Treatment of the ocular complications when they have occurred is un- 
satisfactory. Perhaps rest is the most important requirement should a 
vitreous haemorrhage occur, but prophylactic diathermy to the anastomotic 
capillary networks also seems to be a useful measure in the prevention of this 


complication. 
Summary 


(1) A further nine cases of ocular complications in sickle-cell haemoglobin 
C disease are reported. Seven of these were proven by electrophoresis. In 
all cases both eyes were involved. 


(2) The general characteristics of the disease are outlined. 
(3) A specific retinopathy is described. 
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(4) Prophylactic measures, which include early recognition by ophthalmo- 
scopy, are indicated in any Negro whose symptoms suggest the presence of 
the disease. 


(5) The serious nature and consequences, from both the general and the 
ocular standpoints, make this disease one of importance. 


We are indebted for the assistance given to us by the Haematology Departments of Guy’s 
Hospital, St. Thomas’s Hospital, the Institute of Ophthalmology, and the London School of 
Hygiene and Tropical Medicine. In particular we are grateful to Prof. Norman Ashton, Dr. 
Patrick Schofield, Dr. John Agar, Prof. Woodruff, and Dr. Hillsdon Smith for their reports on 
haematological findings in our cases. 

Our thanks are due for permission to examine cases under the care of Mr. H. Stallard, Mr. F. 
Law, Mr. H. Ridley, Mr. E. S. Perkins, and Mr. C. Cook. The excellent fundus paintings were 
done by Miss J. Trotman. 
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SUBCONJUNCTIVAL ADMINISTRATION OF 
SOFRAMYCIN IN THE TREATMENT OF CORNEAL 
INFECTIONS* 


BY 


D. AINSLIE Anp J. E. CAIRNS 
London 


THE properties of Soframycin, an antibiotic extracted from the mould 
Streptomyces decaris, were first evaluated by Massenat-Derouche (1954). 
Its properties in relation to the eye and its effect upon experimentally pro- 
duced corneal infections were described by Ainslie and Henderson (1958). 
It was found to be especially effective against staphylococcal infections but 
was active too against many Gram-negative bacilli. 

While Soframycin may be used topically as an ointment or drops in the 
treatment of superficial ocular infections, it has no particular advantage in 
this respect over other broad-spectrum antibiotics. It appeared to be almost 
completely non-irritant when injected subconjunctivally in the rabbit in doses 
of up to 500 mg., and it was this lack of irritation following experimental sub- 
conjunctival injection that made it seem ideal for administration by this 
route in clinical practice. 


In the following series, thirty cases of corneal infection treated by subconjunctival 
injection of Soframycin are described. The Soframycin was dissolved in either 
distilled water or 1/5000 adrenaline (400 mg./ml.). 100 to 500 mg. were given in a 
single dose and in some cases this was repeated daily for 3 days. Definite clinical 
evidence of corneal infection was present in every case, though bacteriological 
culture was positive in only the minority. Bacteriological cultures gave the 
following results: 


Staph. aureus, 3 B. coli, 1 
Staph. albus, 1 Pneumococcus, 2 
Ps. pyocyanea, | B. xerosis, 3 

No growth, 19. 


The high proportion of cases in which no growth was obtained is probably 
explained by the fact that topical antibiotics or chemotherapeutic agents had 
previously been applied in almost every case. It seems likely that the surface 
organisms had been destroyed although the deeper infection remained unaffected. 

In sixteen of the cases in this series the infection followed injury to the cornea by 
a foreign body; in twelve there was no history of trauma; in one infection followed 
a simple corneal abrasion; in the last case infection followed a penetrating corneal 
wound (Table, overleaf). 





* Received for publication February 20, 1959. 
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TABLE 


RESULTS IN THIRTY CASES OF CORNEAL INFECTION 
TREATED WITH SOFRAMYCIN 





Dosage of 
Cone | Nature of Case | Bacteriology sotenerin (All Result of 
ed ; Subconjunctival) 





Rapid initial 
improvement 
Healed in 3 days 


Corneal Ulcer B. coli. 250 mg. 


(spontaneous) _— dose 
1 mm. hypopyon 





Rapid improvement 


Corneal Ulcer No growth 350 mg. 
Healed in 4 days 


(spontaneous) Single dose 
2mm. hypopyon 


Infected Corneal Wound | Staph. aureus | 250 mg. on three 


(following foreign body) { Coagulase successive days 
mm. hypopyon positive | (750 mg. wat 





Healed in + days 





(spontaneous) successive days | Healed in 5 days 


F 
2mm. hypopyon | (200 mg. total) 
| 
| 
\ 





Corneal Ulcer Staph. albus ) 250 mg. on two 


(spontaneous) Coagulase | successive days 
(500 mg. total) 


No immediate 
improvement 
| In senile patient negative Gradually settled 


2 mm. hypopyon 





250 mg. on two | Healed in 3 days 


successive days 
(500 mg. total) 


Corneal Ulcer Pneumococcus 


Corneal Ulcer No growth 100 mg. on two : Gradual improvement 


(spontaneous) | 
\ 1 mm. hypopyon 





250 mg. on three | Marked improvement 
successive days after second dose 


} (750 mg. total) Healed in 4 days 


Infected Corneal Wound | Staph. aureus 
eae foreign body) Coagulase 
Positive 


| 
| 
| 





(spontaneous) successive days | improvement, then 
Large area (400 mg. total) slow resolution over 


F Corneal Ulcer No growth 200 mg. on two | Rapid initial 
2 wee 





Corneal Ulcer No growth 500 mg. Marked improvement 


(spontaneous) Single dose after 24 
3 mm. hypopyon Healed in 3 days 


Corneal Wound | No growth 500 mg. Infection unchecked 
(penetrating) Single dose Ring abscess of 
Corneal abscess and cornea developed 
hypopyon 


Infected Cornea) Wound | No growth 500 mg. Healed in 24 hrs 
(following foreign body) Single dose 


Infected Corneal Wound / B. xerosis 500 mg. Healed in 3 days 


(following foreign body) (first dose) 800 
300 mg. 


(second | ™B 
| dose) 





\ 











Infected Corneal Wound | Pneumococcus { 500 mg. Marked improvement 
(following foreign body) Single dose after 12 hrs 


2 mm. hypopyon } Healed in 3 days 





contin. 





contin. 


SUBCONJUNCTIVAL SOFRAM YCIN 





Case 








Nature of Case 





Bacteriology 


Dosage of 
Soframycin (All 


Subconjunctival) 


Result of 
Treatment 





Infected Corneal Wound | Ps. pyocyanea 


(following foreign body) 


500 mg. on two 
successive days 


(I g. total) 


Infection checked 
Slow healing 


subsequently 





Infected Corneal Wound 
(following foreign body) 


No growth 


500 mg. 
Single dose 


| Healed in 24 hrs 





Corneal Abscess 


(unknown aetiology) 
In senile patient 


B. xerosis 


500 mg. 


Single dose 


Rapid initial 
improvement 
Slow healing 





t 


Infected Corneal Wound 


(following foreign body) 


No growth 


500 mg. 
Single dose 


Healed in 48 hrs 





Infected Corneal Wound 
(following foreign body) 


No growth 


500 mg. 


Single dose 





| 


{ 


Infected Corneal Wound 
(following foreign body) 


B. xerosis 


500 mg. 
Single dose 





20 


Infected Cornea] Wound 
(following foreign body) 


No growth 


500 mg. 
Single dose 


Healed in 24 hrs 





21 


| 


Infected Corneal Wound 


(following foreign body) 


| No growth 


500 mg. 


Single dose 


Healed in 24 hrs 





22 


Corneal Ulcer 
(unknown aetiology) 


Recurrent 


No growth 


500 mg. 


Single dose 


Rani pid improvement 
oceeding to 


healing in 3 days 





Infected Cornea) Wound 
(following foreign body) 


No growth 


500 mg. 
Single dose 


Healed in 2 days 





Corneal Abscess 
(following foreign body) 


No growth 


500 mg. 
Single dose 


Rapid initial 


improvement 
Gradually healing 
over 10 days 





\ 


Infected Corneal Wound 


(probably abrasion) 
1 mm. hypopyon 


300 mg 
Single “dose 


Rapid improvement 





Corneal Ulcer 
Recurrent 


500 mg. 


Single dose 


Infection checked 
Gradually healing 
subsequently 





Infected Corneal Wound 


(following foreign body) 


500 mg. 
Single dose 


| Healed after 24 hrs 





Corneal Abscess 
(unknown aetiology) 


500 mg. 
Single dose 


Rapid resolution 





Corneal] Ulcer 
(case of spring catarrh) 
Hypopyon 


500 mg. 
Single dose 


Rapid improvement 


after injection 
Slow resolution 





Infected Corneal Wound 
(following foreign body) 


Staph. aureus 


Coagulase 
positive 


500 mg. 


Single dose 


Infection progressed 


unchecked 
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Results 


The results of the treatment of corneal infections by the subconjunctival 
administration of Soframycin were mostly satisfactory. Of the thirty cases 
treated, 21 improved rapidly and seven others more slowly. Two patients 
did not appear to benefit. 

In the majority of cases the clinical appearance of dense, localized corneal 
infiltration suggested that staphylococci or pneumococci were the causative 
organisms. Two cases of severe hypopyon corneal ulceration from which 
pneumococci were isolated healed rapidly after Soframycin treatment. 
Another case of severe hypopyon ulcer (Case 12), which had failed to improve 
despite the subconjunctival administration of 500,000 units penicillin and 
0-5 g. streptomycin healed rapidly after Soframycin therapy. It should be 
noted, however, that in one instance (Case 30), where Soframycin had failed 
to arrest the infection, the subconjunctival injection of Crystamycin (peni- 
cillin and streptomycin) was effective. In four cases the clinical appearance 
was that of diffuse spreading necrosis characteristic of infections due to the 
Gram-negative bacilli. Three of these, including one (Case 14) where there 
was cultural confirmation of the presence of Ps. pyocyanea, responded satis- 
factorily to Soframycin. In the remaining case in this group (Case 10), 
where infection followed a perforating corneal wound, Soframycin was 
ineffective, but the infection was controlled by the subconjunctival adminis- 
tration of streptomycin and Polymyxin. 


In no case was there any untoward reaction following the subconjunctival 
injection of Soframycin and little pain was caused by the injections. It was 
not found necessary to add a local anaesthetic to the solvent; the topical 
application of 4 per cent. cocaine drops to the conjunctival sac provided 
satisfactory anaesthesia. 


Summary 


(1) Thirty cases of corneal infection treated by the subconjunctival 
injection of Soframycin are described. Satisfactory results were obtained in 
the majority. 


(2) Soframycin is easily soluble, and 500 mg. dissolved in 1 ml. water may 
be injected subconjunctivally with safety. 


(3) Soframycin is almost completely non-irritant and little pain follows 
subconjunctival injection. 


We should like to thank the surgeons of Moorfields Eye Hospital who allowed us to treat their 
patients. We are also greatly indebted to members of the Departments of Pathology of Moor- 
fields Eye Hospital and the Middlesex Hospital who undertook the bacteriological examinations. 
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SOME BIOCHEMICAL CHANGES IN NAPHTHALENE 
CATARACT* 
BY 
DORRIT SALMONY 


Ophthalmological Research Unit (Medical Research Council), 
Institute of Ophthalmology, London 


LitTLe is known of the mechanism of the development of senile cataract in 
man, but it is generally assumed that it is due to a disturbance of the meta- 
bolism of the lens. The difficulties in attacking such a problem are great, but 
the experimental production of cataract with specific agents offers a favourable 
approach. Naphthalene was chosen for the present study, the ability of 
which to produce lens opacities in rabbits has been known since the work of 
Bouchard and Charrin (1886). It may be noted that, in general, the histo- 
logical changes associated with this type of cataract resemble closely those 
seen in senile cataract in man. 

It can be assumed that the cataractous change produced by feeding naph- 
thalene to the experimental animal is due to some interference with the meta- 
bolism of the lens by this toxic agent. A pointer to this interference may be 
the presence of a high concentration of lactic acid in such lenses, a unique 
feature of naphthalene cataract, distinguishing it from all other types of 
experimentally-produced cataract. This was initially reported by Miller 
(1939), who found that the lactic acid content of the lens increased by 70 per 
cent. 12 to 48 hours after the administration of naphthalene to rabbits by 
stomach tube, a finding confirmed by Nordmann and Mandel (1952) in 
studies in vitro, using lenses from rabbits which had been fed naphthalene for 
2 days. These authors found an increase of 86 per cent. above the normal in 
the production of lactic acid by these cataractous lenses after incubation at 
37°C. for 1 hour. 

It was thought that an investigation of some of the enzymes concerned 
with the metabolism of lactic and pyruvic acid in normal and cataractous 
lenses might provide an explanation for this increase. The three enzymes 
chosen in this preliminary investigation are lactic dehydrogenase, glyoxalase, 
and malic enzyme. Lactic dehydrogenase catalyses the reversible reduction 
of pyruvic acid to lactic acid, glyoxalase the production of lactic acid from 
methyl glyoxal, and malic enzyme the oxidative decarboxylation of pyruvic 
acid to malic acid. 

Methods 

4-month-old rabbits weighing approximately 2 kg. were used for all experiments. 
In order to produce cataracts, it was necessary to feed the rabbits with bran and 
carrots rather than the usual cabbage diet for at least one week before the experi- 
’ ments were started. It has been suggested that a high blood calcium level, obtained 
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by feeding cabbage and oats, reduces cataract formation, whereas the absorption of 
calcium is low when the rabbits are given bran and carrots instead (Bourne and 
Campbell, 1933). The rabbits were given 2 g. naphthalene dissolved in liquid 
paraffin daily by stomach tube. After 24 hours peripheral striations appeared 
which gradually increased in size, the lenses becoming opaque after approximately 
7 days. 


Preparation of Lens Extracts.—The lenses were dissected out, and immediately 
dropped into ice-cold water. They were then gently dried on filter paper, weighed, 
and homogenized by grinding in a mortar containing glass-distilled water and a 
small quantity of washed powdered glass. The homogenate was quantitatively 
transferred into a graduated centrifuge tube and centrifuged to remove powdered 
glass and broken cells; the supernatant was used for determinations of enzyme 


activity. 


Enzyme activities are expressed in terms of wet weight of lens, since there was 
no significant difference in the Wet Weight/Dry Weight ratio of normal compared 
with cataractous lenses. 


Lactic Dehydrogenase Activity.—This was determined spectrophotometrically 
by the method of Horn and Bruns (1956). 


2 ml. glycine-semicarbazide buffer, pH 10-5 (3 g. glycine and 2-5 g. semicarbazide hydro- 
chloride made up to 50 ml.), 0-2 ml. 0-1 M Li lactate, 0-2 ml DPN (Diphosphopyridine 
nucleotide) (100 mg./10 ml.), and water to a final volume of 3 ml. were pipetted into a 
1-cm. spectrophotometer cell. The reaction was started by addition of 0-05 to 0-1 ml. 
lens homogenate. The increase in density caused by the reduction of DPN was used as a 
measure of enzyme activity. Readings were taken at 366 my at 30-sec. intervals for 10 
min., against a blank containing no DPN. 


Glyoxalase Activity.—This was measured manometrically by the Warburg tech- 
nique, according to Crook and Law (1952). 


Lactic acid production from methyl glyoxal is determined by measuring the carbon 
dioxide liberated from bicarbonate buffer by the acid. The main compartment of the 
Warburg flasks contained 0-4 ml. 02M NaHCO, 0-2 to 0-3 ml. lens homogenate, and 
water to a final volume of 3 ml., and the side-arm contained 0-2 ml. 1-5 per cent methyl 
glyoxal, adjusted to pH 7-0, and 0-2 ml. (2:5 mg) glutathione. The fluid in the vessels 
was equilibrated with 95 per cent. N2/5 per cent. CO2, and carbon dioxide evolution was 
measured for 30 mins. at 25°. Controls contained no enzyme or substrate. 


Malic Enzyme.—This was determined by the method described by van Heyningen 
and Pirie (1953). 


Two lenses were ground up in approximately 3 to 4 ml. glass-distilled water in a mortar. 
The homogenate was left at room temperature for 30 min., dialysed against running tap- 
water for 24 to 30 hours, and then centrifuged. The enzyme activity of the supernatant 
was measured spectrophotometrically by following the reduction of TPN at 340 my. 
Each spectrophotometer cell contained 1-5 ml. M/35 veronal buffer, pH 7:4; 0-1 ml. 
(0-28 umol) TPN, 0-2 ml. 10-2 M MnCl, 0:3 ml. 10-2M Na malate, enzyme, and water 
to a final volume of 2:5 ml. Controls contained no TPN. Readings were taken at 
30-sec. intervals, for 10 min. 
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Results and Discussion 


Lactic Dehydrogenase Activity.—Lactic dehydrogenase catalyses the rever- 
sible oxidation of lactic acid to pyruvic acid in the presence of DPN as 
coenzyme. The activity of this enzyme, determined spectrophotometrically 
by measuring the increase in density caused by the reduction of DPN to 
DPNH was compared in homogenates prepared from normal and cataractous 
lenses. The increase in density for the first 4 minutes was used as a measure. 
of enzyme activity; it was found that the rate of reaction was linear for 6 
minutes, after which it gradually decreases. Only lenses in the early stages 
of cataract, all of which had developed peripheral striations but no gross 
opacities, were used for these experiments. 

Table I shows a definite decrease in the lactic dehydrogenase activity of 
cataractous compared with normal lenses. This remains more or less 
constant for 4 days, during which the rabbits received a dose of 2g. naphtha- 
lene every day, after which the enzyme activity was further diminished. 


TABLE I 
LACTIC DEHYDROGENASE ACTIVITY OF NORMAL AND CATARACTOUS LENSES 


| 





Lenses Increase in Density/ hes Gans 


No. of Doses . 
of Naphthalene | 4 ™in-/100 mg. wet wt.) yecrease 





Type Number 





Normal 4 














| 
| 
| 
Cataractous | 
| 
| 





Coenzyme Specificity of Lactic Dehydrogenase.—It is known that lactic 
dehydrogenase is normally a DPN-dependent enzyme. In order to determine 
whether it is also capable of functioning with TPN, as has been shown by 
Kinoshita (1957) in the case of ox corneal epithelium, TPN was substituted 
for DPN in the enzyme determination. It was demonstrated (Table II) 
that TPN can be reduced, although the same amount of enzyme reduced only 
approximately one-sixth as much TPN as DPN, under identical conditions. 


TABLE II 


LACTIC DEHYDROGENASE ACTIVITY WITH DPN AND TPN AS COENZYMES 
(CONDITIONS AS FOR TABLE 1!) 





Addition | Increase in Density/4 min./100 mg. wet wt. 





2 mg. DPN 1-44 
2 mg. TPN 0-24 
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Lactic dehydrogenase has several functions in the metabolism of the lens. 
As well as controlling the actual amount of lactic acid present in the lens, it is 
believed to play some part in maintaining TPN, which is required for the 
oxidative metabolism of hexose phosphates, in'the oxidized state. It has thus 
been demonstrated (Kinoshita, 1957) that the lactic dehydrogenase of ox 
corneal epithelium can use TPN as well as DPN as coenzyme. Since the 
cytochrome system which is the usual method of re-oxidation of TPNH is 
thought to be rather inadequate in the lens, the author proposed that TPNH 
formed during the oxidation of glucose-6-phosphate via the hexose-mono- 
phosphate shunt can be re-oxidized by lactic dehydrogenase. Since it has now 
been shown that lenticular lactic dehydrogenase is also capable of functioning 
with TPN, it appears possible that here, too, TPNH is re-oxidized by a similar 
mechanism. 

A decrease in lactic dehydrogenase activity could therefore affect not only 
the lactic acid concentration but indirectly also the oxidation of glucose by 
the hexose-monophosphate shunt, which has been shown to play an impor- 
tant role in the oxidative metabolism of the lens (Kinoshita, 1955). 


Glyoxalase.—This enzyme, which is very active in the lens, catalyses the 
conversion of methyl glyoxal to lactic acid, in the presence of glutathione as 


coenzyme. 
The glyoxalase activity of normal lenses was found to be 269 yl. CO,/30 


min./100 mg. wet weight lens (Table III). No significant difference was 
found in the enzyme activity of lenses from rabbits which had been given 


naphthalene for 1 to 4 days. 


TABLE Ill 
GLYOXALASE ACTIVITY OF NORMAL AND CATARACTOUS LENSES 





i Nl 
L 

— | No. of Doses #1. CO2/30 min./100 mg. 
of Naphthalene wet wt. lens 





Type | Number — 





269 


Cataractous 258 
265 


263 
259 


Normal | 

















Malic Enzyme.—This is responsible for the interconversion of malic acid 
and pyruvic acid, and requires TPN as coenzyme. The equilibrium of this 
reaction is known to be in favour of pyruvic acid. This is another enzyme 
which could, indirectly, determine to some extent the amount of lactic acid 


in the lens. 





—— 
. 
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The reduction of TPN is used as a measure of enzyme activity. The rate 
of reduction during the first 2 min. was measured, since the increase in density 
at 340mp with time was linear for only 4 to 6 min. in most experiments. 
Results are expressed as “‘increase in density/2 min./100 mg. wet wt. lens”. 
Table IV shows that the enzyme activity of homogenates prepared from 
normal lenses was 0-039/100 mg. wet wt./2 min., and ranged from 0-029 to 
0-013 for cataractous lenses. 


TABLE IV 
MALIC ENZYME ACTIVITY OF NORMAL AND CATARACTOUS LENSES 





Lenses Increase in Density/ Per Cent 


No. of Doses : 
of Naphthalene 2 min./ oe wer wt, Decrease 





Type Number 





Normal 4 0-039 


Cataractous 0-029 
0-019 
0-013 




















In all the lenses examined, it was found that as the cataract progressed, so 
the activity of malic enzyme diminished. 

A decrease in the activity of malic enzyme will not only tend to lower the 
pyruvate concentration, although the production of pyruvic acid will be 


controlled mostly by the breakdown of carbohydrate, but also to alter the 
equilibrium of all other systems in which pyruvate is an intermediate. 

It is not possible at this stage to explain the cause of the large increase in 
lactic acid present in these cataractous lenses, since this will not solely depend 
on the activities of the various enzymes, but also on the concentration of the 
coenzymes and substrates, some of which are now being studied. 

It appears unlikely, from the work which has been done so far, that the 
cataractous changes caused by feeding naphthalene are related to an inhibi- 
tion, by naphthalene metabolites, of SH-enzymes, as has been shown for 
x-ray cataract by van Heyningen, Pirie, and Boag (1954). These authors 
found that, of the enzymes studied, those requiring free SH-groups progres- 
sively lost their activity, whereas others which are not dependent on SH- 
groups were normally active in opaque lenses. In naphthalene-induced 
cataract, however, glyoxalase, which is an SH-enzyme, was shown to be 
unchanged, whilst lactic dehydrogenase and malic enzyme, neither of which 
require free SH groups for their activity, are inhibited. 


Summary 
(1) Lactic dehydrogenase, glyoxalase, and malic enzyme activities have 
been compared in homogenates prepared from normal and cataractous lenses. 
3 
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(2) Glyoxalase activity was found to be unchanged after naphthalene 
administration for 1 to 4 days. 

(3) Lactic dehydrogenase activity was decreased by approximately 40 per 
cent. in cataractous as compared with normal lenses. 


(4) Malic enzyme was decreased by 25 per cent. after one dose of naphtha- 
lene. This was further decreased to 66 per cent. after 4 days. 


I should like to thank Sir Stewart Duke-Elder for his interest and encouragement in this work, 
and Miss Andrea Read for valuable technical assistance. 
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DIFFUSE INFILTRATING RETINOBLASTOMA*} 
BY 


P. B. SCHOFIELD 
Department of Pathology, Institute of Ophthalmology, University of London 


NEARLY two centuries ago Hayes (1767) published a description of a neuro- 
epiblastic tumour of the retina and in the years since then the volume of 
literature on retinoblastoma has become immense, describing, one would 
have thought, every form of the neoplasm. There is, however, a type not 
widely known or described which has several unusual features and often 
presents in a manner allowing a definite pre-operative diagnosis to be made. 

The differential diagnosis of a hypopyon should include retinoblastoma, 
and on the four occasions, at the Institute of Ophthalmology, that the fluid 
has been aspirated and examined, malignant cells were found and a definite 
cytological diagnosis made before removal of the eye. Although these four 
tumours were identical they differed greatly from the more usual form. The 
four cases were under the care of Mr. A. G. Cross, Mr. E. F. King, Mr. 
Maxwell Shafto, and Mr. K. C. Wybar, who have kindly given permission for 


the clinical details and post-operative follow-up to be summarized. 


Material 


The four children, three boys and one girl, were aged 9, 6, 4, and | years respec- 
tively. All presented with the clinical appearance of a hypopyon of not more than 
4 months’ duration, although in one there was a history of trauma 15 months 
beforehand and an irritable eye ever since. In three cases the ocular tension was 
raised, a retinoblastoma was suspected, and aspiration of the fluid for examination 
and culture was immediately carried out. In the fourth case, numerous investi- 
gations for a suspected iritis or choroiditis were undertaken, but because of their 
negative results and the lack of response to treatment, aspiration was finally 
performed. 


Pathological Investigations 


When examining the fluid, the main features to be looked for are clusters 
of darkly-staining polyhedral cells with small nuclei and scanty cytoplasm, 
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occasional rosette arrangements, and complete absence of polymorphonuclear 
leucocytes and organisms (Fig. 1). Karyorrhexis and pyknosis of the cells 
are likely to cause confusion with leucocytes, but this must be guarded against 


Fic. 1.—Smear of fluid aspirated from anterior chamber showing typical 


aggregation of malignant cells. Giemsa. xX 573. 


and a Gram-stain and bacteriological culture are of value in excluding an 
infective element. 

Although all four cases were diagnosed with considerable certainty pre- 
operatively, the macroscopical appearances of the enucleated eyes showed 
surprisingly little to account for the hypopyon. In three, there was no 
apparent neoplasm except for a few small and benign-looking haemorrhages 
within the retina. ; 

The only divergence from the above description was seen in Mr. Wybar’s 
case, which showed, macroscopically, a ring replacement of the epithelium 
of the pars plana and ciliary body by a white layer. Histologically, however, 
the pattern in this case was identical with that in the others. In all examples 
much of the peripheral retina was replaced, but not thickened except in a few 
small areas, by closely-packed round or carrot-shaped cells with little cyto- 
plasm and hyperchromatic nuclei (Fig. 2, opposite). Only isolated attempts 
at rosette formation were found and mitotic activity was moderate. 
Necrosis was not a marked feature although nuclear karyorrhexis and 


pyknosis were evident. 
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Fic. 2.—Low-power view of whole eye. Haematoxylin andeosin. x 2:3. 


Malignant cells in many areas formed a relatively thick shell between the 
retina and pigmented epithelium and there was often a shallow albuminous 


exudate in association. In one eye the retinal replacement was almost com- 
plete around the globe but in the others this did not extend beyond the 
equator. In none was the optic nerve invaded. Anteriorly, without excep- 
tion, the epithelium of the pars plana and ciliary processes was covered or 
replaced by malignant cells which also lay free amongst the processes and 
zonular fibres. Although no evidence of choroidal invasion was found, the 
ciliary body on at least one side of each section was infiltrated by retinoblas- 
toma cells from whence they extended into the uveo-scleral meshwork and 
stroma of the iris (Figs 3 and 4, overleaf). Like the retina, the replacement, 
although diffuse, caused no structural thickening. As expected, malignant 
cells were present within the anterior chamber both as free aggregations or 
adherent to the iris and corneal endothelium (Figs 5 and 6, overleaf). 


Prognosis 
The post-operative progress in these four children has been good. To date 
they are all well and in none is there evidence of neoplastic activity either 
within the socket or in the other eye. The first patient has now survived for 
5 years and, although it is only 10 months since the most recent case was 
operated upon, one is encouraged to feel optimistic about the survival of all 
four patients. 
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Se 


Fic. 3.—Diffuse infiltration of ciliary body, processes, and base of iris by malig- 
nant cells, which also cover the ciliary epithelium and lie free within the 
posterior chamber. Haematoxylin and eosin. x 110. 


Discussion 

The interesting feature of these cases is the unusual nature of the neoplasm 
for which the title “diffuse infiltrating retinoblastoma” suggested by Ashton 
(1958) would seem to be most suitable. A study of the literature has revealed 
only two similar examples, but it is unlikely that the condition is as rare as 
might be expected, since four cases have been seen at the Institute of Ophthal- 
mology out of a total of 161 cases of typical retinoblastoma in the last 5 years. 

In a short paper, Manschot (1956), the Dutch ophthalmologist, described 
a case of an 8-year-old boy who had a 3-months’ history of severe inflam- 
mation with small tumours of the iris. The anterior chamber contained a 
fibrinous exudate with clusters of cells and the vitreous was hazy. The 
condition was thought to be tuberculous and eventually severe pain neces- 
sitated enucleation. Jt was not until the eye was examined histologically by 
Manschot that the true nature of the lesion was recognized. The clinical 
description and the one photomicrograph showing the iris only so closely 
resembled the cases already described that a request was made to examine.the 
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Fic. 4.—High-power view showing retinoblastoma cells within the iris stroma and lining 
the occluded filtration angle. Haematoxylin and eosin. x 170. 


section of the whole eye. This was kindly supplied and examination showed 
that the lesion was indeed of the diffuse infiltrating form. 

More recently Weizenblatt (1957) has described another example. This 
too occurred in a boy aged 8 years, who gave a history of impaired vision in 
the left eye for one year and inflammation for a few months. When he was 
first seen ciliary injection, vitreous opacities, and a grey focus at the fundus 
were observed, and the visual acuity was reduced to counting fingers. A 
diagnosis of uveitis was made and treatment consisted of atropine and corti- 
sone. At subsequent examinations in the following 16 months before the eye 
was eventually enucleated, the optic disc and inferior retina became grey and 
opaque and large whitish slow-moving opacities were noted in the anterior 
chamber. The boy was examined for tuberculosis, syphilis, brucellosis, and 
tularaemia with negative results. However, the Sabin-Feldman dye test for 
toxoplasmosis was positive to a titre of 1: 1024, later rising to 1: 4096, and not 
unnaturally this was assumed to be the aetiology of the endophthalmitis, 
although a sensitivity to staphylococcal toxin was also noticed and considered. 
In the later stages the pupil became oval, grey opacities were noted on the 





P. B. SCHOFIELD 


¥ 


Fic. 5.—Extensive replacement of retinal layers by the neoplasm. Haematoxylin and eosin. x 170. 
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Fic. 6.—High-power view of malignant cells within the retina. Haematoxylin and eosin. x 720. 
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corneal endothelium, and floating opacities still existed in the anterior cham- 
ber. Eventually permission was granted for enucleation, but by then the 
child had signs of cerebral pathology and he died shortly afterwards. Histo- 
logical examination of the enucleated eye showed features identical with those 
already described except for widespread invasion of the optic nerve by malig- 
nant cells. Post-mortem examination of the brain showed cerebral and 
cerebellar involvement by the neoplasm. 

In retrospect, the positive dye test and sensitivity to staphylococcal toxin 
were undoubtedly misleading, and one wonders whether cytological exami- 
nation of the aqueous in this case, as well as in that described by Manschot, 
might not have been rewarding. 

Although many surgeons are opposed to anterior chamber puncture as a 
routine diagnostic procedure, Amsler and Verry (1943) and Verrey (1954) 
have found it safe and useful. Perhaps more use should be made of it, 
particularly in obscure cases of juvenile “‘endophthalmitis.” 

Another point of interest is that the majority of these cases belong to an 
older age group than is normal in retinoblastoma. Of the six described, only 
one was within the usual age of apprehension and three were of such an age 
that the surgeons might well have overlooked the condition. 

Because of this feature and the atypical nature of the neoplasm, it is tempt- 
ing to wonder whether the lesion might not have a different histogenesis from 
the usual form, but this seems unlikely since the cell type and growth from the 
nuclear layers are so typical. As Willis (1948) has said, retinoblastoma, in 
common with other tumours, has a considerable range of structure and 


behaviour and no histogenetic sub-division is warranted. Nevertheless, on 
clinical and morphological grounds, “diffuse infiltrating retinoblastoma” 
merits a separate sub-classification. 


_Iam most grateful to Professor Norman Ashton for his permission to publish this paper and for 
his advice and encouragement during its preparation. I should also like to thank Miss E. Fitz- 
Gerald for her secretarial help and Mr. V. Elwood for his technical assistance. 
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ADDENDUM 


Since going to press a further example of a diffuse infiltrating retinoblast- 
oma has been received in this department. The eye was removed from an 
11-year-old boy because of hypopyon following trauma one month before. 
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INTRA-OCULAR GNATHOSTOMIASIS* 
BY 


KO GYI 
Rangoon General Hospital, Burma 


HuMAN infestation by a spiruroid form of nematode Gnathostoma spinigerum 
has been sporadically reported from Thailand, the Philippines, China, Japan, 
and India. The usual mode of infection is believed to be through ingestion 
of raw infected fish which acts as an intermediate host in the life cycle of the 
nematode (Faust, 1949). The actual mode of infection, however, is still 
undetermined and there is a possibility that the larval form of the nematode 
enters through the broken surface of the skin (Craig and Faust, 1945). 

Man is not the optimum host of the worm and human gnathostomiasis 
is therefore relatively uncommon, only about fifty cases having been reported 
since Gnathostoma spinigerum was first discovered in 1836 by Sir Richard 
Owen (Craig and Faust, 1945). 

There is no recorded case of human gnathostomiasis in Burma, the general 
dietetic habits of the population in not eating any raw meat or fish probably 
precluding a common mode of infection. The presence of Gnathostoma 
spinigerum in Burmese cats and dogs has been occasionally noted, but no 
proper investigation in this direction has been made, nor has there been any 
study of the Burmese fish and cyclops which are possibly infected (Lynsdale, 
1959). 

Intra-ocular parasites occur so rarely that they are legitimately considered 
as ophthalmological curiosities (Duke-Elder, 1947). Intra-ocular gnathosto- 
miasis is rarer still and the ophthalmic literature on the subject is extremely 
limited (Sen and Ghose, 1945). The following case may therefore be of 
interest to ophthalmologists and parasitologists. 


Case Report 


A healthy Burmese male aged 28 years was admitted to the Rangoon General Hospital on 
9.10.58 with pain and loss of vision in the left eye of 2 days’ duration. The left eye was 
found to have the anterior chamber completely filled with blood without any appreciable 
external congestion. The visual acuity was reduced to perception of light. The right 
eye was normal. , 

The patient was a member of the crew of a mooring vessel of the Port of Rangoon. On 
September 3, 1958, he had sustained an injury over the left eye caused by a 2” steel cable 
recoiling from an anchor chain. He had been attended io at the Port Clinic on the 
day of the accident, and small lacerations on the skin over the left superior and inferior 
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orbital margins had been dressed. He returned to work the next day feeling perfectly 
normal. He had no discomfort in the left eye and his eyesight was normal after the 
accident. The lacerations healed uneventfully within a few days leaving small scars. 

On October 3, 1958, the patient felt itching in the scar on the‘lower orbital margin, and 
noticed slight swelling and redness of the left lower eyelid. He did not seek medical 
attention, and the swelling subsided in the course of 2 days. 

On October 7, 1958, as he was about to go to bed at night, he felt a sudden sharp pain 
in the left eye, which was severe enough to keep him awake throughout the night. He 
attended the Port Clinic the next morning and had some treatment, but the pain persisted 
and he soon realized that the eye was blind. The next morning, he attended the Clinic 
again, and was referred to the General Hospital. 

As no assessment of the extent of intra-ocular damage from his previous injury could be 
made through a complete hyphaema, it was considered expedient to withhold surgical 
intervention. He was given medical treatment on conservative lines and the eye was kept 
bandaged. 

The pain subsided and the hyphaema gradually absorbed. On October 31, 1958, he 
was able to distinguish large objects at 20 feet with the affected eye. The eye was white, 
the pupil was fixed at 5 mm, with a film-like blood clot across it, and fundus details could 
not be seen. 

On November 3, 1958, he reported that he had pain in the left eye and that his vision 
had failed again over the weekend. His left eye was then found to present a frank case of 
iridocyclitis with exudates in the pupil area and a well-marked hypopyon, and the visual 
acuity was reduced to vague perception of light. A careful slit-lamp examination revealed 
a small worm-like structure in the pool of exudates. He was put on local and general 
treatment for anterior uveitis, and with the absorption of the hypopyon the worm became 
clearly visible. One end of it was fixed to a mass of exudates in the pupil area and the 
other end which was weakly mobile (probably due to atropine) was seen to be burrowing 
into the iris at 3 o’clock. A drop of eserine was applied and 5 minutes later the worm 
coiled back into the pupil area (Fig. 1). 


Fic. 1.—Gnathostoma spinigerum in the anterior chamber. 
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The patient did not give any history of intermittent fever. His skin was clean and 
healthy, and the small scars on the face near the left eye were not indurated. The erythro- 
cyte sedimentation rate was 20 mm./Ist hr, and 30mm./2nd hr. Serological tests for 
syphilis were negative. Blood tests for microfilaria taken on three successive nights were 
negative. A differential blood count showed an eosinophilia of 24 per cent. Other 
investigations revealed nothing of importance. 

These findings corroborated the presumption that the worm must be responsible for 
both the haemorrhagic and the inflammatory episodes in the eye. 


Treatment—After awaiting a surgically opportune moment, the worm was removed 
through a 5-mm. von Graefe corneal section on November 12, 1958. 

The operation was bloodless; immediately after the corneal section, one end of the worm 
presented in the wound, but the other end however was caught firmly in the exudative 
mass in the pupil area. This was gently freed with an iris repositor and the whole worm 
carefully removed. The wound was not sutured; and usual surgical toilet was applied. 


Parasite.—The worm, which remained alive for some hours after the operation, was 
stated by the Department of Bacteriology, Faculty of Medicine, University of Rangoon, 
to be an immature form of Gnathostoma spinigerum. It measured 5 mm. with four rows 
of cephalic spines (Fig. 2). 


Fic. 2.—Parasite removed from the anterior chamber. x 20. 


Result.—The post-operative period was uneventful and the patient was discharged from 
hospital symptom-free on December 3, 1958. The eye was white, and the pupil dilated 
and irregular with posterior synechiae at three points, and partially occluded with orga- 
nized exudates on the anterior surface of the lens. Fundus details were not seen. The 
visual acuity was counting fingers at 3 feet. 

One month later the pupil was much as before, but the exudates on the lens had been 
partly absorbed and the fundus could be seen hazily. The visual acuity had improved to 
6/60. 


Summary 


A case of intra-ocular haemorrhage and anterior uveitis due to infestation 
with Gnathostoma spinigerum is described. 

The absence of classical cutaneous lesions of human gnathostomiasis, and 
the absence of the disease in the population with similar dietetic habits to 
those of the patient, strongly suggest the possibility of infection through the 
lacerated wound of the lower eyelid. The steel cable causing the laceration 
is constantly dipped in the waters of the River Irrawaddy and Rangoon 
harbour which are probably contaminated. 
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My thanks are due to the Director of Health Services, Burma, for permission to publish the 
article, to Dr. Hpay, Head of the Department of Bacteriology, University of Rangoon, for valuable 
comments on the parasite, to Dr. Taik, Head of the Department of Medico-Legal Studies, Univer- 
sity of Rangoon, for the photographs, and to the staff at the Rangoon General Hospital and the 
Faculty of Medicine, University of Rangoon, for their assistance. 
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INJECTION TECHNIQUE FOR STUDYING RETINAL 
BLOOD VESSELS*t 
BY 


H. R. HAUSLER anp T. M. SIBAY 


From the Departments of Physiology and Ophthalmology, 
University of Toronto, Canada 


A vascular injection technique with silver nitrate (Hausler and Sibay, 1959) 
allows the retinal vascular tree to be seen in its full continuity and also 
shows up structural details of the vessel walls. By using a mixture of two 
silver salt solutions, this technique has now been considerably simplified, 
giving equally good results. 


Procedure 


The enucleated human eye is injected through the central retinal vessels. The 
lumina of these vessels are quite small, having a diameter of approximately 0-2 mm. 
Two instruments which considerably facilitated their cannulation have therefore 
been designed. The first (Fig. 1) consists of a metal cup made by hollowing a half 
segment of a metal ball. This is fitted on to a metal cylinder so that it forms a 
universal joint, which may be moved and locked in any position. 


Fic. 1.—For injection of the 
central retinal vessels of the 
enucleated human eye, this ins- 
trument is used to bring the 
specimen into the desired posi- 
tion. The metal cup fitted into 
the base forms a_ universal 
joint, which can be locked by a 
turn of the screw visible near 
the bottom of the cylinder. 





* Received for publication May 25, 1959. 
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The second piece of apparatus (Fig. 2) is a micromanipulator which allows a 
hollow plastic arm to move 
in any direction desired. 
A rubber tube is inserted 
into this arm and connected 
near the end to a fine 
curved glass cannula, which 
may be locked to the instru- 
ment by a plastic screw. 


Fic.2.—Micromanipulator used 
for inserting the cannula into 
the central retinal vessels. The 
plastic arm holding the glass 
cannula can be freely moved in 
three dimensions by manipulat- 
ing the adjustment screws. 


When it is desired to cannulate the central retinal vessels, the eye is tied into the 
metal cup, and this is then turned to the desired position. A drop of 10 per cent. 
formol saline is placed on the freshly-cut surface of the optic nerve. The central 
retinal vessels are observed with a dissecting microscope, and the glass cannula 
may be inserted into either the artery or the vein by adjusting the screws on the 
micromanipulator. 

In animal experiments the site of cannulation will largely depend on the size of 
the species used. In small rodents the cannula is tied into the descending aorta, 
the tip pointing toward the heart. In the larger laboratory species either the inter- 
nal carotid or the ophthalmic artery is cannulated. 

After successful insertion of the cannula, the retinal vessels are flushed free from 
blood with saline, which is in turn washed out by a 10 per cent. formalin solution. 
This is immediately followed by injection of a 2 in 1 mixture of a 2 per cent. solution 
of silver dinaphthylmethane disulphonate* and a 1 per cent. solution of silver 
nitrate. The injected retina is then kept moist and exposed to ultra-violet light 
(black ray, long wave ultra-violet) for 3 to 5 minutes. The exposure to ultra- 
violet light is essential in this technique in order to bring out as fully as possible the 
structural details of the vessel walls. The intensity of the stain is influenced by the 
period of exposure. The eye may finally be washed free from superfluous silver 
solution by injecting distilled water. 

The retinae are viewed as flat preparations, suspended in 10 per cent. Formalin 
between glass slides. Permanent preparations may be obtained by subjecting the 
tissue to the usual clearing and mounting procedure. 

The technique stains neurofibrils, intercellular cement substances, and the 
perimysium of smooth muscle cells surrounding the arteriolar walls. 

Typical examples are shown in Figs 3 to 7 (overleaf). 
ve Commercially available as ‘‘Viacutan’’ produced by Ward Blenkisop & Co., 6 Henrietta Place, London, W.1. 








Fic. 3.—The 
region of the 
ora serrata in 
an injected 
human ret- 
ina. 
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Fic. 4.—Part 
of the mid- 
periphery of an 
injected human 
retina. A zone 
free of capillar- 
1es 1s seen 
around the art- 


erioles. 
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Fic. 5.—Arteriole giving offa capillary. Struc- Fic. 6.—Capillary ending in a venule. These 
tural details are evident in the walls of these _ vessels show an axial pattern of staining fibres 
vessels. A marked radial pattern seen onthe in addition to the radial pattern which is so 
wall of the arteriole is less pronounced on the _ prominent on the arterioles. 

wall of the capillary. 


Fic. 7.—Schlemm’s canal injected by this method. All the visible vessels were 
filled by emissaries from the canal. The specimen was cleared after the injection. 
REFERENCE 


Hauster, H. R., and Srpay, T. M. (1959). Amer. J. Ophthal., 48, Pt. 2, July, p. 138. 
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CASE NOTES 
IRIS HOLE FOLLOWING CONCUSSION INJURY* 


BY 


J. D. ABRAMS 
London 


Case Report 
A boy aged 9 was looking through a letter box when he was hit in the left eye by a marble 
fired from a catapult. When first examined, the vision in this eye was perception of light, 
with accurate projection. There was a corneal abrasion and a small diffuse hyphaema. 
Further details were somewhat obscured by the blood, but the anterior chamber appeared 
rather deeper than in the right eye, and the pupil showed traumatic mydriasis. 

The patient was admitted to hospital and the hyphaema cleared fairly rapidly on routine 
treatment. The anterior segment of the eye then presented the appearance shown in the 
Figure. The outer and inferior quadrants of the iris stroma appeared skewed and some- 
what atrophic, and in this sector there were multiple ruptures of the pupil margin. An 
oval hole was present at 4 o’clock, through which a red reflex could be obtained. 


There was no sign of any penetrating injury, corneal or otherwise. Cortical lens 
changes, such as might be expected from a contusion, were developing, but no track was 
visible. At a later stage the fundus was examined, but the only abnormality found was a 
large choroidal rupture at the posterior pole. X rays of the eye and orbit showed no 
abnormality. 





* Received for publication February 25, 1959. 
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Comment 


Iris holes are occasionally encountered which are unaccompanied by 
evidence of a penetrating injury, old or recent. Most of these holes are 
congenital in origin, and the possibility that the hole described here was of 
this nature cannot be excluded. However, the most likely explanation in 
this case would appear to be that, at one particular locus, the concussion 
forces which produced the iris atrophy were severe enough to split the pigment 
epithelium as well as the stroma. 


The author wishes to thank Mr. P. McG. Moffatt, under whose care this boy was admitted, 


for permission to publish this case. 


PARALYSIS OF ACCOMMODATION WITH RECOVERY 
AFTER 5 YEARS* 


BY 


R. W. STEPHENSON 
Cheltenham 


A boy aged 10 years was first seen on August 19, 1952, when he had suddenly noticed that 
he could not read at school. His distance vision was clear. There was found to be a 
bilateral isolated complete paralysis of accommodation. There had been no relative 
illness and a detailed investigation revealed no other organic abnormality. 

He was seen by Mr. Keith Lyle, Mr. G. Cashell, and Dr. Meadows, and the diagnosis 
was confirmed by all. It was suggested that the probable aetiology was a sub-clinical 
diphtheria and recovery was expected within a year. 

Bifocal lenses were prescribed and the patient was seen at regular intervals, but no 
recovery took place, and in January, 1958, 54 years after the onset of the condition, there 
was still a complete bilateral paralysis of accommodation. 

Only 4 months later, however, in May, 1958, the boy’s father reported that the boy was 
reading without glasses, and examination showed a complete recovery with full normal 
power of accommodation. 

When last seen on July 21, 1959, he was slightly myopic and required a correction of 
-0:75 D sph. in the right eye and -1 D sph. in the left. This had developed only during 
the past year, for he had previously needed a slight hypermetropic correction for distance. 
The accommodation is to 8 cm., uniocular and binocular. 


Comment 


It is usually considered that in such cases recovery from a paralysis of 
accommodation will take place within a year. In this case there was no sign 
of any recovery for 54 years, but 6 months later recovery was complete. 
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SECONDARY GLAUCOMA FOLLOWING OCCLUSION 
OF THE CENTRAL RETINAL ARTERY* 


BY 


J. S. GUPTA 
Royal Hospital, Sheffield 


SECONDARY glaucoma following occlusion of the central artery of the retina 
is rare; Wolter and Liddicoat (1958) were able to cite only six cases from the 
literature. The following case, which closely resembles these, may be of 
interest. 


Case Report 


A 52-year-old man came to the clinic on May 6, 1958, with a history of sudden painless loss 
of vision in the left eye on April 26, 1958. 


Examination.—The visual acuity was 6/5 in the right eye and hand movements in the 
left eye. The right fundus was normal except for moderate arteriosclerotic changes. The 
left fundus showed the typical picture of occlusion of the central retinal artery. The 
blood pressure was 186/110, and had risen 3 days later to 220/140. Other investigations 
revealed nothing abnormal and the patient was referred to the medical department for 


treatment of the hypertension. 

Progress.—3 months later the patient complained of severe pain in the left eye, which 
was found to be red, congested, and stony hard. The cornea was hazy and exhibited 
marked oedema. No flare or keratic precipitates were detected. A diagnosis of secon- 
dary glaucoma was made. 

On September 9, enucleation was advised but refused. 

On November 29, the patient had a sudden right hemiplegia which is now recovering. 

On January 5, 1959, the left eye again showed corneal oedema and many blood vessels 
on the iris surface and in the angle of anterior chamber. The fundus could be seen only 
with difficulty. The disc was cupped. No retinal haemorrhage could be seen. The 
ocular tension with a 10-g. weight was 70-6 mm. Hg (Schi6tz). 


Comment.—It seems likely that the glaucoma and the arterial occlusion 
were associated. The patient was hypertensive and showed arteriosclerotic 
changes in the other eye. The occurrence of glaucoma 3 months after the 
initial loss of vision suggests a thrombosis of the central retinal vein. There 
was no evidence of primary glaucoma in either eye, and the facility of 
aqueous outflow remained normal in the affected eye on all occasions. 


REFERENCE 
Wo ter, J. R., and Lippicoat, D. A. (1958). Amer. J. Ophthal., 46, 182. 
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PROGRESS OF METASTATIC CARCINOMA OF 
THE CHOROID SECONDARY TO MAMMARY NEOPLASM* 


BY 


D. STENHOUSE STEWART 
Hull 


A single woman born on January 28, 1908, first attended the Ophthalmic Out-patient 
Department of the Hull Royal Infirmary on October 29, 1957, complaining of sudden 
deterioration of vision of the left eye 3 days before. Her doctor, who suspected retinal 
detachment, reported that she had undergone a right radical mastectomy on March 23, 
1953, for Stage II carcinoma, on account of which she had subsequently been under 
regular observation and treatment by the Radiotherapy Department. 


Examination.—The macular area of the left eye appeared somewhat grey and very 
slightly elevated. The refraction of the right eye (+1:5 D sph. =6/4) conformed to the 
lens power worn, but the left eye, formerly suited by a lens of similar power, showed an 
increase of hypermetropia to +3 D sph., +0-5 D cyl., axis 90°=6/12. The peripheral 
fields for a 5/330 white target were full and equal. 

As the diffuse but slight elevation of the macula had the appearance of an inflammatory 
or serous condition rather than that of a primary neoplasm it was decided, with the con- 
currence of my colleagues, to defer radical action and to observe the progress of the eye. 
It was felt that if the swelling represented metastasis from the primary carcinoma it could 


hardly be a solitary manifestation, so that immediate removal of the eye would have no 
life-saving quality. 

It has therefore been possible to observe the effect upon refraction of the spread of the 
condition, and the extent of the flat sub-retinal tumour infiltration, which took place before 
an intra-retinal serous effusion led to a gross secondary detachment which quickly became 
complete. The further history is as follows: 


Date Correction Visual Acuity 
Nov. 5, 1957 +3-75 D sph., + 0-75 D cyl., axis 90° 6/12 
Nov. 26, 1957 +4-00 D sph., +0-5 D cyl., axis 90° 6/12 + 
Dec. 10, 1957 +3-75 D sph., +0°5 D cyl., axis 120° 6/9 
Dec. 24, 1957* +4-25 D sph., +0°5 D cyl., axis 120° 6/9 


* At this date the left field showed a “‘notch”’ of contraction above to within ten degrees of the macula. 


Jan. 7, 1958 +6-50 D sph. 6/18 
Jan. 14, 1958 +7-50 D sph. 6/12 partly 
Jan. 28, 1958 +6-00 D sph. 6/18 + 


In the course of 3 months, the upper half of the visual field was almost completely lost. 
The retinal detachment in the macular area was flatter although more extensive; there 
was gross fluid detachment in the lower periphery, and the displacement of this fluid from 
the macular area could account for the reduction in hypermetropia. 





* Received for publication February 2, 1959. 
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Feb. 25, 1958 Further loss of the upper part of the field of vision had progressec 
to include the macula. The visual acuity had deteriorated to 2/60. 
April 8, 1958 Retinal detachment was complete; there was no perception of light. 
April 12, 1958 The eye was enucleated. 


Fig. 1 shows the situation of a sub-retinal tumour, including the extra-ocular extension 
of a tumour nodule. Fig. 2 shows a part of the tumour under high magnification. 


Fic. 1. — Sub-retinal 
tumour. xX 4-75. 


Fic. 2.—Part of tum- 
our seen in Fig. 1, 
under high magnifica- 
tion. x 160. 
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The subsequent history showed nothing of note until the Radiotherapy Department 
(Dr. K. W. Beetham) reported malignant skin infiltration of the right side of the neck, 


chest wall, and back. 
In November, 1958, the patient was noted to have lost a good deal of weight. An x-ray 


report (Dr. A. C. Rogers) of December 10, 1958, noted extensive secondary deposits in the 
bones of the pelvis. 


Comment 


In addition to the surprising maintenance of central visual acuity in a 
period of 3 months during which the macular detachment was increasing, 
it is noteworthy that this patient, though undoubtedly doomed by carcino- 
matous metastasis, had already exceeded the “5-year survival period”. 


I am indebted to Manchester University Department of Ophthalmology (Dr. J. L. S. Smith) for 
the photomicrographs. 
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APPLIANCES 


PATWARDHAN’S CROSS-ACTION IRIS RETRACTOR 
WITH DOUBLE HOOK**+ 


BY 


D. G. PATWARDHAN 
Poona, India 


THIs instrument was originally designed in 1953 for facilitating the intro- 
duction of an acrylic lens implant after simple intracapsular cataract extrac- 
tion. It is fairly easy to introduce the lower pole of the lenticulus behind the 
iris at 6 o’clock, but the iris has to be lifted up with an iris hook at 12 o’clock, 
so that the upper pole of the lenticulus can be placed behind it. The single 
iris hook which is usually supplied with ophthalmic operation instruments 
has the effect of festooning the iris at this point so that the manoeuvring of 
the lenticulus into position is still a matter of some difficulty after releasing 
it from the forceps. It was therefore thought that, if two such hooks could 
be introduced behind the iris, a broader piece of iris could be lifted up and 
the upper pole of the lenticulus could be more easily slipped in. 


Method of Use 


Fig. 1 shows the instrument. Its cross action can regulate the width of the strip 
of iris to be lifted and gives a good control without damaging the iris tissue. 





Fig. 2 shows the retracting hooks separated after 
having been introduced behind the iris in the closed 
position. After the lenticulus is released from the 
forceps in which it is held, the curtain of iris can be 
brought forward over the anterior surface of the 
upper pole of the lenticulus and then released as 
the two hooks are brought together and withdrawn 
from the eye. The lenticulus can then be eased 
into position by gently stroking the iris with an iris 


Fic. 2.—Retraction 
of upper pupillary repositor. 


border. 





* Received for publication February 2, 1959. + Manufactured by Albert Heiss, Tuttlingen, Western Germany. 
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This instrument has also been found useful in the following operations: 

(1) In intracapsular cataract extraction. Ifthe upper pupillary border is retrac- 
ted, the lens can be grasped nearer its upper pole and extracted with the upper pole 
foremost, thus obviating any further manipulation such as tumbling and consequent 
disturbance of the vitreous (Fig. 3). 


Fic. 3.—Instrument used as in Fig. 2, Fic. 4.—Separation of posterior 
the intracapsular forceps grasping the synechiae in upper quadrant. 
upper pole of the lens. 


(2) In separating posterior synechiae in the upper quadrant, say from 10 to 
2 o’clock (Fig. 4). 


(3) In cases in which after cataract blocks the pupillary area, when the incision 
with a keratome is made, a small opening may also be made in the capsule. After 
the points of the retractor have been introduced into the hole thus made, the cross 
action may be used to separate the fibres, thus ne a drag on its peripheral 
attachments (Fig. 5). 


ile ce Li Lili » 





Fic. 5 (a, 6).—Instrument in use for capsulotomy. 
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(4), In iridotomy if the pupil is drawn up because of previous vitreous loss 
during cataract extraction (Fig. 6). 





Fi. 6 (a, b, c).—Instrument in use for iridotomy. 
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A SIMPLE APPARATUS FOR THE DIAGNOSIS AND 
RECORDING OF DIPLOPIA* 


BY 


ERIC C. COWAN 
Belfast, Northern Ireland 


AN accurate and simple charting of clinical findings is always essential, and 
for purposes of record and comparison this applies especially to the recording 
of ocular muscle palsies. The usual way (and very often the only way) in the 
orthoptic or consulting room is to use some form of the Hess screen test. 
To do this requires at least five things of the patient: 

(1) Normal colour vision to distinguish between red and green. 

(2) A reasonable degree of co-operation and level of intelligence (often lacking 
in the very old and very young). 

(3) The ability to wear the red and green close-fitting goggles, which is often 
difficult, e.g. in cases of post-herpetic neuralgia. 

(4) Good lighting if the thread object is used, and a dark room if the red and 
green streak lights are to be seen. 

(5) Fair visual acuity to be able to see the relatively weak colours of either 


threads or lights. 


These requirements all apply equally to the Lancaster screen test. 

Having found myself unable to chart the diplopia fields in colour-blind 
patients, I designed and made a relatively simple instrument for the purpose, 
which clinical trials have shown to be quite accurate and efficient. No patient 
has as yet been unable to use it for any of the five reasons given above. It 
has worked well with the colour-blind, and a child of 3 years old gave a result 
that was quite consistent with the clinical findings of a superior oblique 
paresis presenting as a torticollis. 

The apparatus is similar in principle to the well-known cheiroscope, and the 
end is achieved by using a mirror to superimpose the two fields. One eye 
sees a bright point of light and the other a tangent screen, the light being seen 
through a mirror set at an angle of 45° in front of the viewing eye. The 
light is thus projected on to the screen which the other eye is viewing directly. 
As there is no stimulus to fusion the relative positions of the eyes can be 
charted, with one fixing a given standard point and the other taking up a 
position relative to it but governed only by muscle tone and balance. 

The apparatus is small and simple, easy to use, and quite portable. 
The tangent scale is etched on white plastic board and pen marks can easily 
be removed from it after use. The target board is set at right angles to this 
and a mirror is positioned between the two making an angle of 45° to each, 
with the reflecting surface towards the target. In the target are set nine holes 





* Received for publication May 1, 1959. 
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at the nine standard positions of gaze, corresponding to the test points of the 
Hess screen (Fig. 1a). 


Fic. 1(@).—The 
tangent screen is to 
the left, the mirror 
with the two hand- 
les behind it is in 
the middle, and 
the target screen is 
on the right. The 
nine holes on the 
screen are not 


visible. 


The patient holds the screen with the tangent chart parallel to his face, 
looking through the mirror at the points as they are lighted by the examiner, 
and with his free hand he points to the apparent position of the light on the 


tangent screen (Fig. 15). 


Fic.  1(b).—The 
patient is holding 
the apparatus in 
her right hand and 
using the left to 
point to the target 
point on the 
screen, which is 
then marked on 
the screen by the 
examiner. 
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This point is then marked by the examiner with a pen, using red ink when 
the right eye is under test and blue for the left eye. The examiner lights up 
the fixation points with a pocket torch, and the nine positions can be quickly 
covered and recorded. As the chart is absolutely symmetrical, it is quickly 
inverted for testing the other eye. Nothing is required of the patient except 


to point to a bright light which appears to him on the tangent screen in front 
of his face. It is only necessary to tell a child to touch the light, and this 


produces the required result even in a patient who is only 3 years old. 

The nine points being dealt with for the two eyes, the tangent screen is 
detached and the points marked upon it are easily transferred to a standard 
Hess chart. If only a diagnosis is required, the smaller of the figures obtained 
by joining the two sets of points is seen and the muscle (or muscles) affected 


and the side involved can be read directly (Fig. 2). The marks can then be 


wiped off the plastic and all is ready for use again. 


Fic. 2@).— Tangent ~ 
screen removed from 
apparatus after use. 
The left eye is marked 
with crosses and the 
right with spots. On 
joining the marks, it 
can be seen that the fig- 
ure for the right eye 
is the smaller. If the 
screen is turned with the 
right arrow pointing up, 
the lesion can be seen to 
be a paresis of the right 
superior oblique with 
contracture of the right 
inferior oblique. 


Fic. 2(b).—The 
two figures trans- 
ferred to record- 
ing charts. 
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The advantages of such an apparatus are as follows: 

(1) It is simple to use and read. The eye being tested is the one looking at the 
tangent screen. 

(2) It requires no appreciation of colour (a faculty not possessed by some 3 per 
cent. of men). 


(3) Little concentration is required on the part of the patient, and this little for 
at the most just over a minute. 


(4) No apparatus other than the unit itself is required. 
(5) It can be used anywhere and can easily be taken to the patient if this is more 
convenierit. 


(6) The charted results are in effect the same as those obtained by using any of the 
standard Hess tests, and can be directly compared with Hess charts to check subse- 
quent progress or previous diagnosis (Fig. 3). 


LEFT 


Fic. 3.—The two pairs of charts were done one after the other by different observers and, although 
not identical, both give the same result. That the two methods are comparable can be clearly seen 
by this comparison; the upper chart is done by the Cowan method, and the lower by the Hess 
method. 
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(7) The target light can be made very intense to overcome low visual acuity. 


(8) No part needs to touch the face, so that pressure on tender or infected regions 
is eliminated. 


Only one small point has to be kept in mind. The two charts as recorded 
on the screen are one upside down and the other the right way up, and the 
screen must be correctly orientated when being read (Fig. 2a). 


I have presented the above account of my apparatus which has proved 
itself of clinical use, in the hope that it might be of interest to those concerned 
with the diagnosis of muscle and nerve anomalies of the eye in patients for 
whom the standard diagnostic and recording apparatus cannot be used. 


I should like to thank the surgeons of the Benn Hospital, Mr. A. Corkey, Mr. R. H. Baird, and 
Mr. V. A. F. Martin, for the help given to me in examining their patients and for their constructive 
criticism of the results obtained. 
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CORRESPONDENCE 
SOLAR RETINITIS 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs,—I have read with great interest the article on solar retinitis by L. P. Agarwal and 
S. R. K. Malik (Brit. J. Ophthal., 1959, 43, 366), in which the lesions are classified into 
four grades. In this connexion, may I refer to my observations on solar retinitis 
(Nirankari, 1954), which are quoted by these authors, and also to those of Das, Nirankari, 
and Chaddah (1956). My colleagues and I classified the lesions according to the degree 
of burning produced by the solar rays, and for the first time (as far as we know) assigned 
them to four grades. The authors of the present article have confirmed our observations, 
the only difference being that we think the lesions to be due to the degree of burning 
produced by the intensity of the heat rays concentrated in a small area of the macula 
while the present authors attach importance to the spasm of the vessels. 

Yours faithfully, 

M. S. NIRANKARI. 

DEPARTMENT OF OPHTHALMOLOGY, 
MEDICAL COLLEGE, 
AMRITSAR, INDIA. 
November 5, 1959. 
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BOOK REVIEW 


Ophthalmic Nursing. M. WuiTInG. 7th edition, 1959. Pp. 135, 58 figs. Churchill, 
London. 10s. ‘ 

This well-known manual of ophthalmic nursing has now come to its 7th edition 

wherein the text has been brought up to date. Its value as a guide to nurses in the treat- 

ment of ophthalmic cases is so well recognised as to make a detailed review unnecessary. 


NOTES 


XIX INTERNATIONAL CONGRESS, 1962 


The XIX International Congress of Ophthalmology will be held from December 3rd 
to 7th, 1962 at Vigyan Bhuvah, New Delhi. 

Full information may be obtained from the Secretary General, Dr. Y. K. C. Pandit, 
Bombay Mutual Bldg., Sir P. Mehta Road, Bombay 1, India. 
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COMMUNICATIONS 


EXPERIMENTAL TRACHOMA PRODUCED BY 
CULTURED VIRUS. Part II 


BY 


L. H. COLLIER*, STEWART DUKE-ELDER?, AND BARRIE 
R. JONES + 


INTRODUCTION 


IN a previous paper (Collier, Duke-Elder, and Jones, 1958) we described the 
results of inoculating human volunteers with virus isolated by Collier and 
Sowa (1958) from a patient in the Gambia with trachoma. Three volunteers 
were inoculated by the conjunctival route, and in one, an anophthalmic 
man, an unequivocal infection was induced with all the conjunctival and 
laboratory signs of trachoma. The paramount importance of establishing 
the aetiology of this disease beyond all doubt required the inoculation of 
further human volunteers so that the course of the experimental infection 
in the cornea could be observed. At the same time, the opportunity was 
taken to test a strain of virus differing somewhat in morphology from that 
used for the first experiments. 


MATERIAL AND METHODS. 


Virus—The G17 strain of trachoma virus used for inoculation has been more 
fully described elsewhere (Collier, 1959; Sowa and Collier, 1960). It was isolated 
from a trachomatous patient in the Gambia, and differs from most strains in its 
morphology as seen in chick embryo yolk-sac smears. Like all the other strains 
so far isolated, it induces the formation of numerous free elementary bodies 
(Collier and Sowa, 1958); in addition to these, however, it forms numerous 
compact aggregates of virus particles surrounding a vacuole or vacuoles. These 
aggregates appear in every chick embryo passage; they stain intensely with iodine, 
and appear to contain a carbohydrate, probably glycogen. This is interesting in 
view of the presence of this substance in conjunctival inclusion bodies. 


Inoculum.—Virus of the eighteenth egg passage was used. The yolk sac was removed 
from an embryo which was dying on the morning of the experiment. A Giemsa-stained 
smear showed numerous elementary bodies and aggregates of virus. The yolk sac was 
blended for 1 min. in an M.S.E. homogenizer with twice its weight of phosphate-buffered 





* Medical Research Council, Trachoma Research Group, Lister Institute of Preventive Medicine. 
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saline (PBS) (Dulbecco and Vogt, 1954). The resulting 33 per cent. suspension was kent 
on ice until it was used for inoculation 4 hrs later. 

Control Yolk-sac Suspension.—For inoculation of the control eye, a suspension of 
normal yolk sac was similarly prepared. 

Titration of Inoculum.—Ten-fold serial dilutions of infected yolk-sac suspension were 
made in PBS; 0-3 ml. of each dilution was injected into five 6-day embryonate eggs by 
the yolk-sac route. Calculated by the method of Reed and Muench (1938) in terms of 
the dose capable of infecting 50 per cent. of the inoculated embryos (EIDs9), the titre 
was 105°2 EID<s9/ml. 

Bacteriological Sterility Tests —Both infected and control yolk sacs were tested for 
bacterial contaminants as previously described (Collier and others, 1958) with negative 
results. 

Inoculation Technique.—After the conjunctiva had been anaesthetized by the instillation 
of 4 per cent..cocaine, the right upper lid was everted and the tarsal conjunctiva and upper 
fornix were rubbed firmly with a small cotton-wool swab moistened with the infected 
yolk-sac suspension. The left eye was similarly treated with normal yolk-sac suspension. 

Examinations for Conjunctival Inclusions, and Complement-Fixation Tests.—The 
methods used were those described by Collier and others (1958). 

Virus Isolation.—After instillation of 4 per cent. cocaine and 1/1,000 adrenaline, 
conjunctival scrapings were taken with a small metal spatula, and transferred to 0-5 ml. 
0-85 per cent. saline containing 10,000 yng. streptomycin. On and after D 63, 1,000 ug. 
Polymyxin B was added in addition to the streptomycin. After storage on ice for approxi- 
mately 4 hrs, 0-5 ml. 0-85 per cent. saline was added, and the material was repeatedly 
expelled from a tuberculin syringe through a No. 12 needle to break up cell clumps. 
Aliquots of the suspension were then inoculated into the yolk sacs of three 6- to 8-day 
chick embryos. 

Skin Test Antigens.—Frei antigen was prepared at The London Hospital from a yolk- 
sac culture of lymphogranuloma virus, partially purified by differential centrifugation 
and heated at 100° C. for 20 minutes. The control antigen was an extract of normal 
yolk sac similarly treated. Trachoma antigens and control material were made at the 
Lister Institute by a similar method. The viral antigens were titrated by the chessboard 
method against lymphogranuloma serum; a two-fold dilution of the optimal antigen 
concentration was used for the skin test. 


RESULTS 


Experiment IV 

Our fourth blind volunteer was a white man, born in 1907 with congenital 
dislocation of the lenses. After an operation in 1920 he had no perception 
of light in the right eye. In 1932 he developed a retinal detachment in the 
left eye, which became painful and was excised the following year. Apart 
from a short period of inflammation in the right eye in 1948, he had no 
discomfort or discharge from it. The left socket produced a moderate 
discharge which was kept in control by twice daily saline irrigations. 

In 1949 he had an inflammation of a gland in the left groin. This did not 
break down and it was not associated with any genito-urinary symptoms or 
obvious superficial sepsis in the region. 
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Clinical Observations 
The lids and conjunctiva of the right eye were normal (Fig. la and 5) 
apart from minimal papillary hypertrophy of the lower tarsal conjunctiva, 
some retention cysts and a single follicle in the lower fornix. 


Fic. (a, b).—D 0: Right eye and left socket before inoculation. (a) right 
lower fornix; (6) right upper tarsus. 


A central ragged band-shaped degeneration was present in the cornea 
(Fig. 1c, overleaf). The upper and lower borders presented the typical 
fenestrated opacification at the level of Bowman’s membrane, whereas the 
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Fic. 1(c).—D 0: Right cornea before inoculation. 

central area consisted of irregular opaque lamellae. A brown line was present 
and some very fine superficial vessels were visible near its medial and lateral 
extremities. The surface of the cornea was intact and did not stain with either 
fluorescein or Bengal rose. The upper third of the cornea was clear apart 
from a linear stromal opacity extending obliquely down from the limbus 
towards the band-shaped degeneration. An arcus senilis was present in the 
lower quarter. The limbus was normal above and below. The anterior 
chamber was moderately shallow and there was no red reflex through the 
small central circular aphakic pupil. 

On the left side the lids were normal but a moderate quantity of mucopus 
was present in the socket (Fig. 1d). Marked papillary hypertrophy affected 
the whole conjunctiva, especially the tarsal areas. No follicles were seen. 


Fic. 1(d).—D 0: Left socket before inoculation. 
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The configuration of the socket made slit-lamp examination of the tarsal 
conjunctiva extremely difficult. 


Clinical Course (Table I, overleaf).—There was slight hyperaemia of the 

right lower tarsal conjunctiva and a slight mucoid discharge on the first day 
after inoculation(D 1). On D 2 the patient awoke with a discharging right eye 
and a running nose, and felt as though he had a “cold in his eye”. There 
was a copious mucopurulent discharge from this eye on D 3, associated 
with oedema and erythema of the lids as well as gross oedema and hyperaemia 
of the entire conjunctiva; the associated tenderness precluded eversion of 
‘the lids. There was a diffuse roughening and opacification of the corneal 
epithelium, with six small whitish spots in the epithelium near the upper 
limbus. No stromal change had occurred and the limbus was oedematous 
only. There was slight discomfort and tenderness over his right pre- 
auricular node. 

During D 4 and 5 (Fig. 2a, b, c) the discharge was less copious from the 
right eye, which became less “gritty” and “sore”. On D6 the oedema 
was less severe but the conjunctiva of the lids and fornices showed a diffuse 
infiltration which largely obscured the early papillary hypertrophy in the 
tarsal areas. Small avascular cellular foci of infiltration were already dis- 
cernible in the tarsal areas, in the lower fornix, at the upper border of the 
upper tarsal plate, and especially in the triangular fields medial and lateral 


Fic. 2(a).—D 5: Right eye, showing intense oedema and injection of the con- 
junctiva with diffuse infiltration; lower lid and fornix. 
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Fic. 2(b).—D 5: Right eye, showing intense oedema and injection of the con- Fig. 2c 
junctiva with diffuse infiltration; upper lid. Limbal « 
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SUMMARY OF CLINICAL COURSE 
| 





z 
Ee 
S 


Left Socket — 





Adenopathy 


Lid Oedema 
Conjunctival 
Conjunctival 
Diffuse 
Infiltration 
Papillary 
Hypertrophy 
Cicatrization 


PunctateKeratitis) 
Injection 


Subepithelial 
Subepithelial 
Vascularization 
Discomfort 


Epithelial plus 
Keratitis 


Punctate 
Epithelial 
Keratitis 


Deep 


| Dacryocystitis | 





+++++4++ 
++ +4+¢+4++ 


+++ 

++tet+ 
++ 
++ 


t+++t++++4+4++ 


+ 
oh 
+ttt+etttttt 


+++ 

set tt 

cet tttet+ettt 

cet tt ttt 
t++ttttte+ t+ 








++: 
+ + 





i 





















































+++ Marked 


Fig. 2(c).—D 5: Right eye, showing diffuse opacification of corneal epithelium with punctate keratitis. 
Limbal vessels congested; hanging from lower and medial third of cornea is an elongated blob of mucus. 
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to the tarsus, where the surface had become frankly granular. The bulba: 
conjunctiva was slightly infiltrated but was less chemotic, and a subcon- 
junctival haemorrhage had occurred. The pre-auricular node was slightly 
larger. The corneal epithelium was diffusely roughened and opaque 
(Fig. 2c). The six marginal spots noted in the epithelium on D 3 had gone 
and diffuse dirty white infiltrations were present under their former sites. 
Two small subepithelial abscesses had developed in the upper cornea, 2 mm. 
from the limbus. There was closely grouped punctate staining with Bengal 
rose over these two lesions; elsewhere in the upper cornea there were 
numerous punctate or blotchy staining areas, which stained poorly or not 
at all with fluorescein although the dye stained numerous other points. The 
subepithelial abscesses absorbed the dye slowly. The vessels at the limbus 
were engorged and the vessels running into the extremities of the band- 
shaped degeneration had enlarged. 

On D8 the right eye became very “gritty” and painful. On D9 the 
subepithelial abscess in the nasal part of the cornea was smaller, but that 
in the temporal side was larger and a small irregular subepithelial infiltration 
was present over the oblique linear opacity. The patient was given | per 
cent. atropine drops three times daily. By D13 he was having no pain 
although the eye continued to discharge. The lids were less swollen. Both 
tarsal plates were granular because of marked papillary hypertrophy and 
the conjunctiva of the plica and lower fornix showed the development of 
early follicles. The vessels at the limbus were more congested and appeared 
to have advanced irregularly. 


a ge ad 


Fic. 3(a).—D 20: Right eye, showing intense papillary hypertrophy of lower 
tarsal conjunctiva. 
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Fic. 3.—D 20: Right eye, showing intense papillary hypertrophy; (6) upper 
tarsal conjunctiva ; (c) pannus advancing into the superficial opacity in the cornea. 

On D 15 and D 20 a further decrease in discomfort was reported. There 
was no longer any lid oedema and the discharge was watery rather than 
mucopurulent. The changes in the conjunctiva noted on D 13 had become 
more marked (Fig. 3a and b) and the superficial vessels at the upper limbus 
had definitely advanced into the cornea (Fig. 3c). The corneal epithelium 
remained diffusely opaque, but the two early subepithelial abscesses had 
run their course and were difficult to identify amid the diffuse epithelial and 
subepithelial haze. The abscess on the linear opacity was still present and 
two additional small ones had developed on the temporal side. 
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By D 28 there was less discomfort but the eye was still watery. The 
palpable pre-auricular node was slightly tender. Papillary hypertrophy on 
both tarsal plates was more intense and the follicles in the lower fornix and 
upper tarsal plate had enlarged. Further micro-abscesses were still develop- 
ing in the cornea although it was clearer as a whole; the reduction in general 
haze made it easier to discern the position of the previous abscesses and to 
observe the marginal subepithelial opacification into which the limbal vessels 
were advancing. One leash of vessels extended down over the oblique 
opacity to the position of a previous abscess. 

When seen on D 50 (Fig. 4) the right eye had been uncomfortable for a 
few days. The lids were again slightly oedematous and there was a tender 
fullness over the lacrimal sac. The follicular and papillary conjunctivitis 
continued. The patient still had an active punctate keratitis in which the 
lesions consisted of slightly raised ragged dots made up of grouped opaque 
epithelial cells, an appearance which was soon associated with an under- 
lying subepithelial and superficial stromal infiltration of a faintly yellowish 
colour. Each lesion ran a course of a week or two to leave an irregular 
subepithelial opacity often involving Bowman’s membrane as well as the 
superficial stroma. Superficial vessels were growing further into the cornea 
but were less congested than on D 20 (Fig. 4c). 

By D 55 the right eye was very much more comfortable and was scarcely 
watering. There was no oedema of the lids and the pain in the lacrimal sac 
region had gone although the sac was still tender and just palpable. The 
pre-auricular node was still palpable but no longer tender. There was a 
notable absence of oedema of the palpebral and bulbar conjunctiva. The 


Fic. 4(a).—D 50: Right eye, showing numerous follicles amid intense papill- 
ary hypertrophy of (a) lower tarsal conjunctiva. 
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Fic. 4.—D 50: Right eye, showing numerous follicles amid intense papillary 

hypertrophy; (6) upper tarsal conjunctiva; (c) punctate and diffuse keratitis. 

The pannus is less congested and has advanced irregularly. 
conjunctiva of the lids and fornices was more solidly infiltrated and granular. 
On the lower tarsus this was due to papillary hypertrophy. On. the plica, 
caruncle, and fornices, it was due to follicles and on the upper tarsal plate 
to both papillae and follicles. Some of the follicles were faintly yellowish 
in colour. The vessels of the pannus were much less engorged but isolated 
leashes had extended further into the cornea. Further clearing of the 
cornea as a whole revealed deep vessels coming in from the periphery both 
above and below. 
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The appearance of the left socket remained unaltered on D 1, 3, 6, 15, 20, 
and 28. The patient was free of symptoms in the left socket until it became 
“tight” on D 30. Although no alteration in the pre-existing state of chronic 
inflammation was apparent, the finding of inclusions on D 38 in scrapings 
from the left socket showed that cross-infection had taken place. 


Treatment with Penicillin —At this stage (D 55) the object of the experi- 
ment had been achieved in.that the characteristic signs of trachoma in the 
conjunctiva and cornea had been induced with the formation of typical 
epithelial inclusion bodies (see below). Although the disease was clearly 
passing into the chronic phase and the patient was experiencing much less 
discomfort, the experiment was terminated because of the advent of deep 
vascularization of the cornea. 


In view of the reported efficacy of penicillin in the treatment of trachoma, 
either by topical administration (Bietti, 1951) or by intramuscular injection 
(Gilkes, Smith, and Sowa, 1958), it was decided to use this antibiotic. One 
mega unit was injected intramuscularly daily from D 55 to D 64 inclusive. 


From D 56 to D 59 the conjunctiva of the right eye was progressively 
less hyperaemic, but on D 60, 62, 66, and 69 it became gradually more 
inflamed, until on D 69 the follicles appeared larger and the condition 
looked more active. ‘From D 56 to D 66 the right cornea continued to 
clear and no fresh epithelial lesions developed. On D 69, however, there 
was a return of diffuse epithelial haze with active punctate keratitis. 


On D 59 marked oedema and hyperaemia of the conjunctiva of the floor 
of the left socket and a free mucopurulent discharge were observed, but the 
pre-existing papillary hypertrophy of the palpebral conjunctiva had not 
changed. The left pre-auricular node was palpable. On D 60 the con- 
junctiva was more inflamed and on D 62 the skin at the angles of the left 
socket was excoriated, follicles were present at the borders of both tarsal 
plates, and the pre-auricular node was slightly tender and about the size of 
a pea. The skin of the lid had returned to normal by D 69, but the con- 
junctiva was more infiltrated. 


Treatment with Sulphadiazine.—The improvement in the clinical condition 
of the right conjunctiva from D 56 to D 59 and in the cornea from D 56 to 
D 66 may have been due to the penicillin, but this trend had clearly begun 
between D 50 and D 55 before treatment. The recrudescence of conjunctival 
and corneal signs of active inflammation in the right eye and the exacerbation 
of inflammation in the left eye from D 60 to D 69 clearly indicated that 
penicillin had not cured the condition. As discomfort had returned, the 
patient was treated with oral sulphadiazine, 2 g. statim and 1 g. four times 
daily for 10 days from D 70 to D 79 inclusive. 
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On D 73 there was a slight improvement in the condition of both eyes. 
The patient was not seen again by us until D91 because he developed 
influenza followed by a severe bronchitis. On D 78 he developed a wide- 
spread rash and his general practitioner was uncertain whether this was due 
to the sulphadiazine or to aspirin in a mixture which he had prescribed for 
the respiratory infection. 

On D 91 the right eye was comfortable with very little discharge. There 
was much less injection and no oedema, and the follicles were smaller and 
looked less active. All vessels in the right cornea were obviously receding, 
the cornea was clearing, and no active epithelial disease was present. 

These regressive changes in the right conjunctiva and cornea continued as 
shown on D 100 (Figs Sa, and 5b and c, overleaf). 


: oe 


Fic. 5(a).—D 100: Right lower fornix after treatment, showing residual infil- 
tration with papillary hypertrophy and follicles. 


By D 108 the right eye was dry and clean and the lacrimal sac was no longer 
palpable. The follicles were smaller and the conjunctiva paler. Some fine 
fibrosis was visible in relation to the follicles in the lower fornix and near 
the upper border of the upper tarsal plate (Fig. 6b, overleaf). 

The conjunctival scarring was more definite on D 129, by which time the 
corneal vessels had greatly regressed and there was only a diffuse and blotchy 
superficial opacification. On D 145 (Fig. 6, overleaf) there had been further 
resolution of the follicular hyperplasia and further cicatrization, especially 
in the conjunctiva over the upper tarsal plate near its upper border. 
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Fic. 5(6).—D 100: Right upper tarsus after treatment, showing early cicatriza- 
tion at border of upper tarsal plate and residual infiltration with papillary 
hypertrophy and follicles. ; 


F 


Fic. 5(c).—D 100: Right eye after treatment, showing cornea clearing and 
pannus receding. 
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Fic. 6(a).—D 145: Right eye showing further resolution of follicles and papillae 
in lower lid. 


Fic. 6(b).—D 145: Right eye, showing stellate scarring more apparent on upper 
tarsus. 
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Final Examination —On D 246 (Figs 7a, b, c) the patient had been entirely 


free of symptoms for 5 months. The diffuse and follicular infiltration of the 
conjunctiva had resolved: stellate and linear scarring in the right upper and 
lower tarsal regions was more obvious. The corneal pannus had dis- 
appeared leaving a narrow rim of opacification about the level of Bowman’s 
membrane, and the deep corneal vascularization had regressed. The 
lacrimal sac and pre-auricular nodes were not palpable. 


Fic. rf _D 246: Right eye, showing saa conjunctiva apart from stellate scars 
in (a) lower lid and (4) upper lid 
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Fic. 7(c).—D 246: Right eye, showing scattered scars in cornea clearing and 
pannus no longer visible. 


On D 91, after sulphadiazine had been administered during the period 
D70 to D79, the left socket had become much less acutely inflamed and- 


oedematous. By D 108 it had returned to its pre-inoculation state apart 
from slight residual infiltration and follicular reaction near the upper fornix. 


These had resolved by D 246 leaving no sign of cicatrization. 


Laboratory Investigations 


Cytology of Conjunctival Scrapings (Table II, overleaf) 
Right (inoculated) Eye.—On the day of inoculation (D 0), only normal epithelial cells 
were present (Fig. 8). 
On D 3, many of the epithelial cells showed 
marked degenerative changes. The nuclei 
were swollen, vacuolated, and eosinophilic: 
the cytoplasm of these cells was often vacuo- 
lated or completely lost. 


Fic. 8.—D 0: Conjunctival scraping from right 
eye before inoculation, showing sheets of normal 


epithelial cells. Stained Giemsa-May Griin- 
wald. x 300. 


6 
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TABLE Il 
SUMMARY OF VIROLOGICAL AND CYTOLOGICAL FINDINGS 





Virus Epithelial 


Isolation Inclusions 


Cytology of Conjunctival Scrapings 
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Po =Polymorphonuclear leucocytes C =Eggs contaminated + =Scanty 

Ly =Lymphocytes Pos. = Positive + + =Moderate number 
Pl =Plasma cells - » =Not examined + + + =Numerous 

Mo = Large mononuclear cells 0 =Negative or absent +++ + =Very numerous 


Numerous polymorphonuclear leucocytes were seen with a few lymphocytes and large 
mononuclear cells (Figs 9a, b, opposite). 

By D 6, plasma cells had appeared ; the polymorphs had diminished in number, but there 
was an increase in lymphocytes. This cytological picture persisted until 4 days after the 
start of penicillin treatment on D 55, when plasma cells and large mononuclear leucocytes 
were less numerous. On D 38 (when cross-infection of the left eye was confirmed), 
there were exceptionally numerous inclusions, and the degenerative changes in the 
epithelium were more severe than on any other occasion (Fig. 10, opposite). 

Degenerative changes were evident in epithelial cells throughout the treatment with 
penicillin and sulphadiazine and were still present on D 245; however, they were notice- 
ably less on and after D 106, a month after completing treatment with sulphadiazine. 
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() 
Fic. 9 (a and b).—D 3: Conjunctival scraping from right eye, showing polymorphs, lymphocytes, 
and scattered epithelial cells, some with vacuolated cytoplasm. Stained Giemsa-May Griinwald. 
(a) x300;(b) x 360. 


Fic. 10.—D 38: Conjunctival scraping from 
right eye, showing marked degenerative changes 
in epithelial cells, and much cytoplasmic debris. 
Stained Giemsa-May Griinwald. x 360. 


Left (control) Socket.—At the outset the epithelial cells appeared normal, but numerous 
polymorphs were present. On D 27, degenerative changes were seen similar to those 
in the right eye, and a few lymphocytes appeared. On D 38, the cytology of conjunctival 
scrapings from the left conjunctiva were characteristic of trachoma. Some of the 
epithelial cells were degenerate, and moderate numbers of polymorphs, lymphocytes, 
large mononuclear cells, and plasma cells were seen; inclusions were plentiful. 

This cytological picture persisted until completion of treatment with sulphadiazine. 
The epithelial cells then became progressively more normal in appearance; plasma cells 
were rarely found, although lymphocytes were present up to and including D 245. 


Inclusion Bodies (Table II) 


Right Eye.-—On D 3, a moderate number of inclusions was found in scrapings from 
the right eye, mostly initial body forms and small Halberstaedter-Prowazek bodies 
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(HPK). Numerous free elementary bodies were also present (Fig. 11). On D 6, severa! 
large inclusions were seen, which stained well with iodine, and until the start of penicillin 
treatment on D 56, typical cytoplasmic inclusions were found at every examination 
(Fig. 12); they were particularly numerous on D 38, when the cytological findings (see 
above, Fig. 10) also indicated an exacerbation of the infection. 


Left (control) Socket.—On D 38, scrapings from the left conjunctiva contained many 
inclusions, indicating that cross-infection had taken place. 


Fic. 11.—D 3: Conjunctival scraping from right eye, Fic. 12.—D 6: Conjunctival scraping 
showing numerous free elementary bodies. Stained from right eye, showing a large Halber- 
Giemsa-May Griinwald. x 1200. staedter-Prowazek inclusion body. 

Stained Giemsa-May Griinwald. x 615. 


Influence of Therapy on Morphology of Inclusions.—From D 55 to D 64 inclusive, a 
daily intramuscular dose of 1 mega unit penicillin was given. On D 57 there were still 
many inclusions, a few of which had features characteristic of the early stages of anti- 
biotic treatment. In some, the elementary bodies were grossly irregular in size and shape, 
measuring from 0:25 to 2 » in diameter (Fig. 13a and 5). 


* 


? — | 
eo 
Qe : 


Fic. 13.—D 58: Conjunctival scraping from right eye. (a) Atypical Halberstaedter-Prowazek 


inclusion body with large matrix. Stained iodine. 1200. (6) Same field after decolouriza- 
tion and re-staining with Giemsa-May Griinwald, showing swollen elementary bodies. 1200. 





EXPERIMENTAL TRACHOMA. II 85 


In others, the inclusion consisted of a vacuole containing irregular masses of eosin- 
ophilic material. Inclusions were occasionally found throughout the period of treatment 
with penicillin; on and after the fifth day most of them were degenerate, but as late 
as the second day after completing the treatment typical HPK were present. 


Since both the laboratory and clinical findings showed that penicillin was not fully 
effective, a course of sulphadiazine was given by mouth from D 70 to D 79 inclusive. On 
D 71, both typical and degenerate inclusions were present in conjunctival scrapings. 
On D 72 and D 74 scanty degenerate inclusions were present. All were vacuolated and 
contained ill-defined eosinophilic material. Thereafter no further inclusions were 
observed. 


Virus Isolation (Table IT).—At intervals attempts were made to isolate virus from both 
eyes by chick embryo inoculation. The results are summarized in Table II. It is 
noteworthy that virus was isolated on the first and second day of penicillin treatment, 
and again 6 days after completing the course. This accords with the finding of typical 
conjunctival inclusions during the sanie period. 


Attempts to isolate virus after beginning sulphadiazine therapy were all negative. 


The aggregates of elementary bodies characteristic of the infecting virus strain G17 
were again found in yolk-sac smears on each occasion that virus was isolated during the 
experimental infection. 


Serology.—Complement-fixation tests were made on sera taken on DO, D 27, and 
D 246. The sera were separated shortly after collection, and preserved with sodium 
azide at +4°C. until testing. The titrations were all made at the same time. There 
was a.slight but significant rise in antibody titre to both Gambian and Chinese strains 


of trachoma virus, and to psittacosis antigen (Table III). 


TABLE III 
COMPLEMENT-FIXATION TESTS ON SERA OF HUMAN SUBJECT 





Serum Titre 





Antigen After Inoculation 
Before 


Inoculation D27 D372 








Trachoma Virus} Gambian Strain G1 a <4 1 
Gambian Strain G17 aN <4 
T’ang’s Strain TE55 BY <4 














Psittacosis Virus ot ey a ee <4} 
Normal Yolk-Sac Control .. Se <} <4} <4 

















Skin Tests.—On D 1, several antigens in amounts of 0-1 ml. were injected intra- 
cutaneously into the flexor surfaces of the forearms. The results were read at intervals 
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during the 13 days following the conjunctival inoculation (Table IV). The Frei antigen 
induced a papular lesion which persisted for 6 days, and an erythematous area was still 
visible on D 13. Since the control for this antigen also induced a small papular lesion, 
its significance is doubtful. The antigens prepared from the infecting trachoma strain 
G17 induced papular lesions 48 hrs after injection; these had disappeared by D6. On 
D 9, however, papules were present at the site of all the trachoma virus injections; no 
lesions were induced by the control for these antigens throughout the period of observa- 
tion. The significance of the lesions appearing at 48 hrs is not clear; the later lesions 
may have been due to the development of skin sensitivity pari passu with the infective 


process in the conjunctiva. 


TABLE IV 


SIZE AND NATURE OF SKIN REACTIONS TO VIRUS ANTIGENS INJECTED ON 
SAME DAY OF CONJUNCTIVAL INOCULATION WITH TRACHOMA VIRUS 





No. of Days after Conjunctival Inoculation 
| 6 9 


Mies: oe Size 
(mm.) | Lesion | (mm.) (mm.) 





Antigen 








Rr Se | 8 | Be] Teo 6x9 
EP | Nil 4x4 
il | 5x5 
il | | 5x5 
il | | Nil 














Frei Control 








Trachoma G1 





P 





Nil — 


Trachoma Control 








le | 
Nil | — | 
| | 
| | 


| 
Trachoma G17 . -| 4x4 








E=Erythema P=Papule 


Bacteriological Examinations.—On most of the occasions when conjunctival scrapings 
were made, bacteriological swabs were also taken from both eyes and seeded onto blood 
agar plates which were incubated aerobically at 37°C. No growth was obtained from 
either eye from D 38 to D 57, but on almost every other occasion the swabs yielded 
scanty or moderate growths of Corynebacterium xerosis, and occasionally a few colonies 


of micrococci or diphtheroids. 
On D 112, the right eye yielded three colonies of coagulase-positive staphylococci. 


Haematology.—At the outset of the experiment (D 0), the following values were 


obtained: 

Red blood count 5,000,000/cu. mm.; haemoglobin 13-3 g./100ml.; mean cell volume 86 cu. p; 
mean cell haemoglobin 26 ypu g. Erythrocytes showed slight anisocytosis and hypochromia. 
White blood count 8,800/cu. mm.: neutrophils 61 per cent.; eosinophils 1 per cent.; lymphocytes 
35 per cent.; monocytes 3 per cent. Erythrocyte sedimentation rate 21 mm./hr (normal | to 
10 mm.). , 

On D 27, the white cell count was 6,800/cu. mm.: neutrophils 57 per cent.; eosinophils 4 per 
cent.; lymphocytes 33 per cent.; monocytes 6 per cent. Erythrocyte sedimentation rate 20 


mm./hr. 
On D 89, the white cell count was 7,600/cu. mm., and the differential count almost identical 


with that made on D0. 
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DISCUSSION 


The inoculation of the right eye with virus strain G17 (at the 18th egg 
passage) was followed by the acute onset of a severe mucopurulent papillary 
and follicular conjunctivitis with mild pre-auricular adenitis. This pro- 
ceeded to a chronic disease with interstitial cicatrization of the conjunctiva. 
There was an associated diffuse roughening and opacification of the corneal 
epithelium which led to a punctate epithelial and subepithelial keratitis, 
trachoma pustules, and pannus. These signs establish an unequivocal 
clinical diagnosis of trachoma. 

The inclusions with iodine-staining matrices and the cytology of con- 
junctival scrapings were also typical of trachoma. The repeated re-isolation 
of virus having the same unusual morphology in eggs as the strain used for 
inoculation, the consistent absence of bacteria other than commensals, and 
the rise in titre of complement-fixing antibodies in the patient’s serum 
clearly indicate that the clinical disease was associated with an infection by 
virus G17. 

Inoculation of a control yolk-sac suspension into the left socket did not 
alter the pre-existing state of chronic inflammation, but about oné month 
after inoculation the socket became cross-infected from the right eye. 

Although intramuscular penicillin produced a temporary amelioration of 
the clinical disease and formation of atypical inclusions, it is clear that it 
did not have sufficient effect on the virus to eradicate the infection, either in 


the right eye in the early chronic stage, or in the left socket which had 
recently become infected and was in the acute stage. 

The administration of oral sulphadiazine resulted in the disappearance 
of the virus and the resolution of the clinical and cytological features of the 
disease. 

This experiment clearly shows, that virus strain G17 is aetiologically 
related to trachoma. 


SUMMARY 


This paper describes the second successful inoculation of a human 
volunteer with virus isolated from a trachomatous patient and subjected to 
serial passage in the laboratory. The typical clinical picture of trachoma 
in both conjunctiva and cornea resulted; the cytology of the conjunctival 
scrapings and the epithelial inclusion bodies were typical of trachoma; the 
virus was repeatedly re-isolated from the conjunctiva, which remained free 
of bacteria other than commensals. The disease in the inoculated eye and 
the late cross-infection which occurred in the other conjunctiva were termi- 
nated by the administration of oral sulphadiazine. It is thus established 
that the virus strain tested is aetiologically related to trachoma. 
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We are indebted to Professor C. F. Barwell (The London Hospital) for supplying the Fre’ 
antigen and control, to our colleague Mr. Peter Reeve for performing the complement-fixatior 
titration, and to the Department of Pathology, Institute of Ophthalmology, for the bacteriologica 


and haematological investigations. 
Our greatest debt, of course, is to the man who volunteered to be the subject for inoculation. 


The observations took a great deal of time and for a period he was in discomfort which he bore 
with the greatest equanimity. 
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PILOT STUDY IN ELECTRO-OCULOGRAPHY**+ 
BY 


B. SHACKEL 
Psychological Research Laboratory, EMI Electronics Ltd., Hayes, Middlesex. 


THE eyes are a major communication channel through which information 
passes into the human being. The pattern of successive fixations and eye 
movements may well indicate the progress of the dynamic perceptual process 
of searching for and absorbing visual information. Interest has therefore 
increased recently in the various methods of recording eye position and eye 
movement. A method which has shown much promise but which has not 
yet been developed to the full is electro-oculography (EOG). The basis of 
EOG is a standing potential difference between the front and back of the 
eyeball; as the eye rotates, electrodes suitably placed on the skin surface 
near the eye socket will detect the resulting change in DC potential (Fig.1). 
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Fic. 1.—Basis of electro-oculography. 








* Received for publication March 10, 1959. 
t Based on unpublished research report (OES/305 oe, 1958) to the M.R.C. Royal Naval Personnel Research 
ommittee. 
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The most extensive application of this technique so far has been to the 
study of reading (Carmichael and Dearborn, 1948); the development of 
EOG has been comprehensively reviewed by Marg (1951), who discussed 
also some of the requirements to establish it firmly as a routine recording 
technique. 

In the course of studies to improve the accuracy and reliability of EOG it 
was considered necessary to investigate certain factors with a large number 
of subjects. Also EOG potential level (the definition of this and some other 
terms is given in the Appendix) is an interesting psycho-physiological variable 
by itself, and it was desired to make an exploratory study of this level and 
its possible relationship to other population variables. Therefore the 
investigation described in this report had the two-fold purpose of learning 
more about some of the parameters of EOG as a measuring instrument and 
of exploring for any factors which might be related to the EOG potential 
level. 

The questions which it was hoped would be answered by the investigation 
were. 

(1) What are the statistics of the distribution of the EOG potential level in the 

population studied? 

(2) Is the relationship between the EOG potential and the eyeball rotation 
(up to 30°) reasonably linear for practical purposes ? 

(3) Which is the “*best-fitting’’ relationship between EOG potential and angle 
of eyeball rotation, the linear or the sine relationship ? 

(4) Are age, height, weight, and rate of change of height or weight correlated 
in any way with the EOG potential level? 

(5) Are any other variables, which could be measured, correlated with the EOG 
potential level? 

(6) Because the full preparatory technique with skin-drilling is not to be used, 
what are the statistics of the distribution of zero level drifts thereby obtained 
and how do they compare with the minimal drifts attainable with the full 
technique? 


Further, it was planned to retest the same group of subjects after 9 to 
12 months so that a test-retest correlation of the EOG potential level might 
be obtained and correlations of the EOG potential level with other variables 
re-examined. 

These questions form a series of relatively isolated problems, although 
the required EOG data were all gathered from one 5-minute session with each 
subject. Therefore the apparatus and method will be described first, and 
then each particular section of the investigation, with its appropriate rationale 
results, and discussion, will be treated separately. 


Subjects.—The subjects were 129 Juniors, all male, age range 15 years 1 month 
to 17 years 6 months, of No. 103 recruitment at the Naval Training Establishment, 
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H.M.S. Ganges. The subjects were tested on December 5, 6, and 7, 1956. Data 
on body height, body weight, and selection-test scores were made available from 


records. A retest of body height and weight was made in March, 1957. 


Apparatus.—A portable version of the electronic system which has been developed 
for measuring eye movements (Shackel, Sloan, and Warr, 1958) was used for 
amplifying and recording, for subsequent analysis, the EOG potentials in the 
horizontal plane. Six separate pairs of the electrodes which have been developed 
for EOG applications (Shackel, 1958) were used in rotation. 

A target was used with suitable spot marks so that, with the eyes at a fixed 
distance 30” from the target, eye rotations to positions from 5° to 40° (in 5° steps) 
to left and right of centre zero could be made. The height of the target could be 
adjusted to one of three fixed positions so as to be approximately at the subject’s 
eye level. A wooden spatula suitably mounted as a biting bar ensured adequate 
head positioning and, it is thought, avoidance of head movements for the short 


duration of the test. 
The electronic apparatus, target, and biting bar are shown in Fig. 2. 


Fic. 2.—Target, biting bar, and recording apparatus. 


Method.—Eye movements in the horizontal plane only were recorded from each 
subject. To save time the skin drill (Shackel, 1959) was not used, because it 
was expected that a reasonable percentage of results would be obtained without 
excessive drift potentials from the skin in the short duration of recording required. 
To minimize electrode drifts, the six pairs of electrodes were used in rotation and 
were kept soaking in separate beakers of 1 per cent. saline, with leads shorted, 
between uses. The same electrode was used for earth throughout the test because 
the earth electrode has little effect on zero stability. 

The subjects were familiarized in the waiting room with the general procedure 
and the specific eye movements for which they would be asked. In the testing 
room each was allowed to see his predecessor being tested. The skin near the 
external canthi of each eye and behind the right ear, for the earth electrode, was 
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cleaned with acetone. The electrodes were charged 


with pure 1 per cent. saline jelly and applied. 
The siting of the electrodes is shown in Fig. 3. 
The subject was seated and the wooden biting bar 
adjusted to a comfortable height. The height and 
distance of the target were checked and adjusted 
if necessary. The appropriate target points and 
sequence of movements were again explained. 


With the subject fixing zero and moving to the 
left 30° and right 30° points on request the gain of 
the apparatus was adjusted. Three separate series 
of eye rotations were then recorded, with the 
subject looking to the various positions as enum- 
erated below (L and R=left and right: degree 
symbols omitted for simplicity). 


(1) Zero, L30, zero, R30, zero 


(2) Zero—L5, 10, 15, 20, 25, 30, 35, 40— 
Zero—L40, 35, 30, 25, 20, 15, 10, 5— 
Zero—R5, 10, 15, 20, 25, 30, 35, 40— 
Zero—R40, 35, 30, 25, 20, 15, 10, 5—zero 


(3) Zero, L30, zero, R30— 


Zero, L35, zero, R35— 
Zero, L40, zero, R40—zero 


Fic. 3.—Positions of electrodes. 


Fic. 4.—Section of pen record. 


] 
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The record was then calibrated with a known input voltage, the electrodes were 
removed and replaced to soak in saline, and the subject’s skin was cleaned. A 


fresh wooden spatula was placed ready for the next subject. The total time 
required to prepare, test, and finish with each subject was between 5 and 7 min. 


A typical section of record is shown in Fig 4. The two sides of the recording 
paper, here seen as top and bottom, were used entirely separately. The record 


is read from left to right. The top part shows Subject 107 from the start to the 
end of his second series of eye rotations; the bottom part shows Subject 122 from 


the middle of his second series of rotations to the end of his record. The fixations 
are typically steady; the movements are well controlled, with the usual, small, 


corrective saccades for overshoot or undershoot, after a number of the large 
excursions, and with an occasional mistake in direction. 


3 Results 
(1) EOG Potential Level 


The statistics of the distribution of the EOG potential level are required 
both as basic knowledge and as the parameters of the signal level which may 
be expected when EOG is used as a practical method for recording eye move- 
ments. Only two similar studies have been reported, one in the U.S.A. 
(Miles, 1939b) on 69 subjects, mostly female, in various age groups, the other 
in Germany (Mackensen and Harder, 1954) on 45 subjects of unspecified 
age and sex. Table I gives the readings from these studies, to which the 
results of the present study are most nearly comparable. 


TABLE I 
EOG POTENTIAL LEVELS FOR 30° LATERAL EYE ROTATIONS 





Age 
(yrs) 


20 10-12 Mean 1,170 
S.D. 320 


20 17-19 Mean 1,370 
S.D. 290 


15 41-65 Mean 1,100 
S.D. 210 


Authors Date | No. of Subjects EOG Potential (1V) 














14 21-37 Mean 1,070 
S.D. 290 





Mackensen and 45 Mean 980 
Harder S.D. 370 




















Results.—One subject was absent and the recordings from two subjects 
were completely unusable because of excessive drift; the mean potential 
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level for each subject is based on four readings per subject for sixteen subjecis 
and eight readings per subject for 110 subjects. The statistics of the popu- 
lation are given in Table II and a histogram of the distribution in Fig. 5. 


TABLE II 


EOG POTENTIAL LEVEL FROM H.M.S. GANGES TEST FOR 30° 
LATERAL EYE ROTATIONS 








No. of Subjects | Age (yrs) | Sex | EOG Potential (uV) 
Mean 580 
126 15-174 M S.D. 146 
Median 560 


| | 





nN 
° 


n 


Fic. 5.—Histogram of EOG 


potential levels of 126 men aged 
15 to 174 years. 
it : . 
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Discussion.—The most notable feature of these results is the large difference 
in mean EOG potential level. There are three possible explanations of this 
difference: first there may have been a significant difference between the 
testing conditions; secondly there may be a true difference in corneo-retinal 
standing potential between the populations; thirdly both the above factors 
may have been operating. 

There were inevitably a number of differences in testing conditions. 
The input impedance of the amplifier used by Miles (1939a) was 5 megohms, 
ours was | megohm. However, the electrode skin resistance of 37 of our 
subjects was checked; none was more than 10 kilohms and the average was 
4:4 kilohms. Even had the average resistance of our subjects been 100 
kilohms, the differences in amplifier input impedance would still only have 
accounted for 10 per cent. of the difference in results. Mackensen and 
Harder (1954) used a mirror galvanometer of 5,400 ohms resistance without 
a high input impedance amplifier; they measured the subject’s skin and 
electrode resistance and allowed for it in calculating the EOG potential 
level. This resistance may vary indeterminately, and, although they measure 
it frequently during their recording, it is probably the cause of the somewhat 
higher standard deviation of their results ; however, their mean EOG potential 
levels were probably not affected. It seems unlikely, therefore, that this 
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difference of input impedance between the three studies is the operative 
factor. 

Another difference between testing conditions, namely in electrode 
position, probably does cause most of the difference in results. From his 
photograph, Miles (1939b) seems to have placed his metal foil electrodes as 
close to the eyes as possible; the centres of the relevant pair (Miles’ Lead 3) 
appear to be about 0-5 to 0-75 cm. from the external canthi. The centres 
of our electrodes were about 1-5 to 2-25 cm. from the external canthi. 
This difference will obviously have affected the results considerably. Mack- 
ensen and Harder report, from a test on twelve subjects, that, with the 
electrode pick-up points between the “temporal lid-corner and the rim of the 
orbit”, the mean EOG potential level is 950 microvolts (S.D. 400), with the 
electrodes 1 cm. “‘temporal from the bony rim of the orbit” the level is 480 
microvolts (S.D. 170), and with the electrodes 2 cm. temporal it is 340 
microvolts (S.D. 150). However, interpolating the various results for 
comparison cannot be accurate; simultaneous recording from a number of 
electrodes in the positions used by the three studies is the only complete 
solution. A brief preliminary test on a few subjects has suggested that the 
differences in electrode position do not entirely account for the whole of the 
difference in results; a full experiment will be necessary to determine precisely 
the answer to this problem. 

If electrode distance from the eye should not account for all the difference, 
then two or more factors may be operating, one of which may be a true 
difference between the subject populations in corneo-retinal standing 
potential. If this is so, it will be interesting to investigate whether sexual, 
racial, or environmental differences are significant and why. 


(2) EOG Potential : Eye Rotation — Practical Linearity 


Several workers have plotted graphs of EOG potential against eyeball 
rotation and have shown an apparent sine relationship between the two 
variables (e.g. Fenn and Hursh, 1937); but Leksell (1939), with graphs of 
results from three subjects, drew attention to the effective linearity of the 
relationship for practical purposes. Mackensen and Harder (1954), using 
the data from excursions of 10°, 20°, 30°, and 40° to left and right by 
nineteen subjects, found that the deviations from a linear plot were not 
significant. Their graph indicates a standard deviation of about 1° to 1-5° 
for excursions up to 30°; their calibration accuracy, as defined below, was 
therefore about +2° to +3°. 

To determine the eye movements and eye positions by the EOG method, 
it is necessary first to record the potential from the subject for some known 
excursion angle; then the potentials recorded during the test can be converted 
to excursion angles via this calibration. The accuracy of the EOG technique 
is tested by analysing the errors between the actual potentials for a series 
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of known excursions and fixations and the expected potentials derived from 
the calibration. Accuracy determined in this way will be more meaningful 
and useful than accuracy quoted in terms of the residual error about the 
best-filling linear plot (by a least-squares criterion), because this latter way 
of finding the appropriate calibration for each subject is too lengthy for 
routine practical use. 

The data of eyeball rotations in 5° steps was therefore analysed in two 
ways. First, for left and right rotations separately from each subject, the 
variance was calculated of the residual errors of the 5°, 10°, 15°, and 20° 
fixations about a linear calibration line based on the 20° excursions only; 
the root mean sum of the variances of all subjects was then calculated to give 
the standard error of fit of the calibration lines to the actual data; calibration 
accuracy can thus be quoted as +2 standard errors, the limits within which 
lie 95 per cent. of all the actual readings. Secondly, a similar analysis was 
made of the movements up to 30° either side of zero about a linear calibration 
line from the 25° excursions (because if the relationship is truly sinusoidal, 
then a linear plot through the 25° point will be a better fit than one through 
either the 20° or the 30° point). 


Results.—The data from 97 subjects was used in these analyses; excessive 
or non-linear drift of the zero level made the scores from the remainder 
obviously unreliable. The results are given in Table III. 


TABLE Ill 
FIT OF SINGLE-POINT LINEAR CALIBRATION TO EYE ROTATION DATA 





fk bear aes ie iz oa ee | 0 to 20° (N=1,552) 0 to 30° (N =2,328) 
Calibration Point se e 20° 2s° 


Standard Error of Fit.. ..  .. | 0:60° 0:67° 











Acmeey (4258)... | +1-20° +1-34° 





The variances of the errors of fit at the various excursion angles were 
compared to see if there is any significant tendency towards increased error 
with large excursions; a slight trend was apparent, but the variance ratios 
were barely or not significant at P=0-05. 

Inspection of the error distribution at various excursion angles shows 
them to be fairly normal. In a few cases the mean of the error distribution 
is significantly different from zero, i.e. from the appropriate point on the 
calibration plot. However, these differences are only between 0-08° and 
0-25°, and are almost certainly caused in two cases by the tendency to a 
true sine relationship between the data, and in the remainder by slight 
non-linearities in the pen recorder; this latter effect, small and evident only 
with large data samples, has been found before with the type of pen recorder 
used in the experiment (Shackel, 1954). 
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Discussion.—It is clear that interpreting eye rotations, up to 30° left and 
right of zero separately, in terms of a simple linear calibration from one 
excursion angle, 25° to left and right, gives practical results with an average 
error of not more than 0-25° and with an accuracy of +1-35° (i.e. 95 
per cent. of individual readings are accurate to better than these limits). 

The accuracy scores are biased, correctly, against showing favour to 
the technique. The error variance almost certainly contains errors from 
three separate sources only one of which is the “true” error source we wish 
to sample. First, the subject may fail to fixate precisely the point requested 
or may use different parts of his fovea for fixation during different parts of 
the trial; these are true eye movements, but would appear as system errors 
during the accuracy analysis, because he is assumed to be fixating precisely 
the excursion points given. Secondly, the zero drifts, although fairly small 
and fairly linear, were still much larger than when the full preparatory 
technique is used (see Section 6 below for comparisons); despite the inter- 
polation of zero lines between the points at which zero was fixated, residual 
uncorrected zero drifts will have increased the variability of all measure- 
ments. Thirdly, the remaining errors are probably compounded from small 
random changes of the actual eyeball potential and within the recording 
apparatus, minor head movements, and so on. 

The third source of errors is the “‘true” calibration error variance for 
the EOG technique but estimates of the other two sources cannot be made 
from the present data. Nevertheless it is clear that horizontal eye move- 
ments can be determined by this technique, using a simple linear calibration, 
with reasonable accuracy. 


(3) EOG Potential : Eye Rotation — True Relationship Linear or Sine 


The source of EOG potential seems to be a negatively polarized area in 
the retina with respect to anterior parts and the cornea (Mowrer, Ruch, and 
Miller, 1936; Brindley, 1956), the eyeball thus apparently forming a rotat- 
able dipole. Assuming a reasonably homogeneous conducting medium, the 
potential difference between two points, one on either side and about equi- 
distant from such a dipole, will vary with the sine of the angle of rotation of 
the dipole (Fig. 6, overleaf) (Coulson, 1951). Graphs of EOG potential 
against the sine of the angle of rotation show an apparently good fit (Fenn and 
Hursh, 1937; Mackensen and Harder, 1954). However, Lekseil (1939) 
pointed out that linear plots of potentials against the actual angle of rotation 
yield an equally good fit, and Mackensen and Harder (1954) found that, 
with the excursions of nineteen subjects to fixation points 10°, 20°, 30°, and 
40°, the deviations of their data from a linear plot were not statistically 
significant. Graphical methods are obviously not precise enough to deter- 
mine which is the true relationship and thus test the theory of the eyeball as 
a rotating dipole in a relatively homogeneous conducting medium. 

7 
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Results.—The experiment was designed to gather the necessary data for 
a full statistical analysis. Successive rotations in steps of 5° up to 40° to 
left and right of centre were recorded, and also single rotations from zero 
to the left and right 30°, 35°, and 40° points separately. The latter records 
were taken for a supplementary analysis, in case the primary one should be 
inconclusive. 

The successive 5° rotations were analysed by calculating the residual 
error of the best fitting linear and sine function to each subject’s left and 
right data separately. If both left and right residual errors for the sine 
function were less than for the linear, or vice versa, that subject was counted 
as one in favour of the sine relationship, or vice versa; if the left and right 
comparisons were not consistent, the subject was assigned to the doubtful 
group. The results are given in Table IV. 


TABLE IV 
SUBJECT’S DATA FAVOURING SINE OR LINEAR FUNCTION 





No. of Subjects 


Sine =Best fit .. iy kit ‘3 ee i “ 35 
34 


Linear = Best fit . . ae aK ee is ss “s 
Doubtful ge Bx ise zt AN 28 


Function 
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The residual error of estimate of the best fitting straight line to a sine 
function (Fig. 6) is such that +2 standard errors of fit= +0-94°. The resi- 
dual errors of estimate of the best fitting linear functions to the data of 5° 
rotations up to 40° from all the subjects is such that +2 standard errors of 
fit= +1-36°. The inconclusive result is therefore probably due to the 
sampling error variance of the data. 


The separate single rotations to the 30°, 35°, and 40° points were analysed 
by a Similar but less rigorous method; data from more subjects were available 
because less had to be rejected for excessive zero drift. From the potential 
for the 30° rotation the expected potential from the 35° and 40° rotations, on 
a linear and on a sine function passing through zero, were calculated for 
the left and right excursions of each subject separately. The differences 
for each subject between the actual and the predicted levels were converted 
to degrees of equivalent eye movement by the appropriate 30°/EOG potential 
calibration. The frequency distributions of these differences were then 
examined. 


If all the means of the linear extrapolation difference distributions are 
not significantly different from zero but the means of the sine extrapolation 
difference distributions are significantly positive of zero, then the data 
support the hypothesis of a linear relationship between EOG potential 
and eye rotation. If, on the other hand, the sine distribution means are 


not significantly different from zero but the linear distribution means are 
significantly negative of zero, then the data support the hypothesis of a 


sine relationship between EOG potential and eye rotation. 


The statistics of the difference distributions are given in Table V. The 
precision of the data is reasonable. The difference between the linear and 
sine functions, when the linear function is extrapolated from the 30° point, 


TABLE V 


STATISTICS OF LINEAR AND SINE EXTRAPOLATION DIFFERENCES (°) 
(N for each mean = 124)) 





Left 


Right 





35° 


40° 


35° 


40° 





Mean Difference from Zero 

S.D. of Differences about 
Zero 

t 


-0°81 
15 


6:10* 


-1-72 
2:3 


8-35* 


-0-50 
1-4 


3-97* 


0-98 
1:9 


5-65* 





Mean Difference from Zero 

S.D. of Differences about 
Zero 

t 








-0-08 
1-3 


0-70 





-0-11 
1-6 


0-75 





+0-18 
1:3 


1-55 





+0-67 
1:8 


4-12* 





* Significant at P= <0-001 on a one-tailed test (n=120; P=0-001; t =3-16) 
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is 0-58° at the 35° level and 1:43° at the 40° level, while the confidence 
limits (+2 standard errors of the mean) on the 35° means of this analysis 
are not worse than +0-27° and on the 40° means not worse than +0-42°. 
Seven of the eight results in Table V support the hypothesis of a sine 
relationship. The discrepant result, indicating that the actual data of the 
right 40° excursions are not satisfactorily fitted by a sine function extra- 
polation, appears no less valid than the other results. 














Discussion.—The data from this experiment may be taken to give some 
support to the hypothesis that the true relationship between EOG potential 
and eyeball rotation is a sine function. Thus the theory of the eyeball as a 
rotating dipole in a relatively homogeneous conducting medium also receives 
some support. However, the results are not conclusive and a further 
experiment would be desirable. The discrepant results may for instance 
be caused by a significant unbalance or lack of homogeneity in the conducting 
medium; the tissues and structures between eyeball and electrodes are 
certainly not uniform. 

Leksell (1939) concluded that, from a practical point of view, the EOG 
potential could be regarded as directly proportional to the angular deviation 
for horizontal eye movements up to 45° from the centre. The more detailed 
results available from this survey enable assessment of the possible errors if, 
for practical convenience, a linear relationship is assumed. For excursions 
up to 40°, if a simple linear calibration from the 30° point is used, mean 
errors up to more than 1-50° and scatter of 95 per cent. of results up to 
+3-62° from the linear calibration plot are possible; if however the best 
fitting linear calibration is calculated, average errors will be smaller and the 
scatter of 95 per cent. of the results will be within +1-36° of the linear plot. 
For rotations up to 30° on the other hand, even with the simpler linear 
calibration from the 25° point the mean errors are never more than 0-25° 
and the scatter of 95 per cent. of the results is within +1-34° of the linear 

| plot. Therefore the assumption of linearity for practical purposes would 

\_seem only to be justifiable for excursions up to 30°; however the assessment 
of what is practical here must depend upon how much error can be tolerated 
in any experiment or whether the more complex task of calculating the best 
fitting linear calibration for each subject can be accepted. 
































(4) Age, Height, and Weight Correlations 

Interest has of course been directed by several workers towards finding 
any factors significantly associated with the EOG potential level. Fenn 
and Hursh (1937) were not able to correlate the potential levels of 21 subjects 
with age, sex, or any other characteristics. Miles (1939b) had three groups 
of female subjects, twenty aged 10 to 12, twenty aged 17 to 19, and fifteen 
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aged 41 to 65; by comparing the group means he concluded that there is a 
tendency towards a curvi-linear relationship between chronological age and 
eye potential, with indications of an early small positive and a late small 
negative correlation with age, but he pointed out that his results were not 
conclusive. Miles (1939c) has also drawn attention to the tendency of the 
eye potential to conform to the pattern for blood pressure, metabolism, and 
other functions which decrease with relaxation and inactivity; similarly, if 
the subject is afraid and tense, the eye potential tends to increase. 

For the subjects studied in this survey, age, height, and weight measures 
were readily available and were therefore compared by product-moment 
correlation with the subject’s mean EOG potential levels. The heights and 
weights were measured again 3 months after the initial experiment to enable 
correlations of potential level with changes in height and weight; rate of 
change might be expected to be a useful measure with these subjects, a fair 
proportion of whom were passing through the puberal phase. 


Results.—The product moment correlation with age was calculated for 
all 126 subjects (age range 15 to 174 years) for whom mean EOG potential 
levels were measured; height and weight measures were not available for 
ten subjects. The results are given in Table VI. 


TABLE VI 
CORRELATIONS WITH EOG POTENTIAL LEVEL 





Correlations r N | P 





Age .. oh se be + 0-33 126 | 0-001 Regressions linear 
Height a a x Re 0-22 116 | 0-02 One regression not linear 
Weight £3 a ne i 0:19 116 | 0-05 One regression not linear 











The correlations with height and weight may only be regarded as sug- 
gestive and not conclusive; it is the regression of height or weight onto 
potential level which is significantly non-linear in each case. 

The differences between the first and second measures of height and of 
weight were correlated with EOG potential level and also the height and 
weight differences were correlated with each other. All the correlations 
were low and none was significantly different from zero. It is thought that 
the changes in height and weight over the 3-month period were probably 
not large enough, in comparison with the inevitable sampling errors, to 
yield reliable measures of the differences. The same measures were taken 
as part of the second survey on the same subjects 10 months later (in October, 
1957) and a similar analysis will be made. 


Discussion.—It is interesting that a moderate but significant negative 
correlation with chronological age should have been found over such a 
small age range between 15 and 174 years (with only three subjects over 17 
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years). It is thought that the result may well be associated in some way wit) 
the fact that this age range covers the middle and end of puberty for males. 
Whether the change in potential level reflects a true change in potential 
at the eyeball or a change in the surrounding tissues cannot yet be determined, 

Miles (1939b) has shown a tendency for the mean eye potential of a group 
of females aged 17 to 19 to be larger than for a similar group aged 10 to 12 
years, but he has not given any data of correlations within each age group. 
The results reported here are not incompatible with his findings. The mean 
potential level may well reach a peak at say 14 to 15 years of age and decrease 
slowly thereafter. On the other hand there may perhaps be a true sex 
difference in this aspect of the EOG potential level. 

There is little reason to believe that chronological age as such has any 
direct effect on eyeball potential, and it is assumed that age, height, and weight 
are all correlated with and acting as somewhat imprecise measures of some 
variable which does directly affect the potential. Perhaps this variable is 
the general metabolic state of the body at the time, or the local metabolic 
state of the retina. What evidence there is so far favours this hypothesis 
(tendency of both eyeball potential and metabolism to increase with tension, 
decrease with relaxation and with age). A proper experiment to test the 
hypothesis is very desirable, because many possibilities would be opened up 
if it were confirmed. 


(5) Other Exploratory Analyses 


There is one other piece of evidence suggesting an association of EOG 
potential level with metabolic state. Kris (1957), from serial time studies 
on a number of subjects over periods up te 36 hours, has reported that there 
is a diurnal variation in the potential level, similar in characteristics to the 
broad diurnal variations in metabolic rate, with a maximum at between 12 
noon and 4 p.m. Because the testing for the survey reported here was 
spread over two and a half days, an attempt was made to confirm this 
finding by comparing the results from subjects tested in the middle of the day 
with those from subjects tested at the beginning or end of the working day; 
the difference was not significant. The variability between subjects is too 
large and obscures any time difference. 

The results of these subjects on SP Tests R and T2 were available, both 
being composite tests of intelligence and level of education. Product 
moment correlations were therefore calculated between EOG potential level 
and performance scores separately from the two tests. As was expected, no 
significant correlation was found. 


(6) Zero Drift 


For convenience and speed of testing, the skill drill, which has been shown 
to diminish considerably unwanted skin potentials (Shackel, 1959) was not 
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used. It was accepted that a certain percentage of results would have to be 
rejected as unusable and it was expected that a useful comparison between 
the two techniques, with and without the skin drill, would be possible. 

The electrodes, which are the other possible source of zero drift in the 
situation, were kept soaking in saline, with their leads shorted, when not in 
use. Six pairs were used in rotation, so that each pair successively was in 
use for about 5 minutes and then was stabilized in saline for about 25 minutes; 
their performance cannot have been as good as when treated with normal 
care in laboratory tests, but it is thought that they cannot have contributed 
the major part of the zero drift results. 

The drift distribution was compiled by sampling at fixed intervals on the 
record of the 5° rotations from each subject. Successive fixations of the 
zero point permit the interpolations of zero drift lines, and at 5, 10, and 
15” from the start the drift rate was measured in microvolts per second; 


three samples per subject yielding a population of 366 was considered 
adequate. 


Results.—The 5° rotations from six subjects were not recorded or were 
completely unusable because of excessive zero drift. The distribution from 
the remainder gives a mean zero drift of 9-67 »V/sec. equivalent to 580 
uV/min. 

By contrast, when using the skin drill, the drift is so small that it can only 
be recorded reliably in terms of total excursion in one minute intervals. 
From 22 pairs of electrodes on eleven subjects (Shackel, 1958), the total 
of 430 one-minute samples was found to have a mean zero drift rate of 47 
uV/min., equivalent to 0-78 »V/sec. 

To show these results more clearly the percentage ogives of the two 


distributions are given in Fig. 7 (overleaf). To put the two graphs into 
similar terms, although with a different scale expansion, the microvolt-per- 


minute points have been divided by 60 to convert them to microvolts per 
second. 


Discussion.—These results show that there is an improvement in zero 
drift of the order of at least ten to one when the full technique with skin 
drill is used to prepare the subject. They also enable estimates to be made 
of the rejection rate and the accuracy of data obtained by the mass survey 
method without skin drill. 

Six in 128 or about 5 per cent. of recordings have to be rejected completely. 
The remaining 95 per cent. can be used reliably, provided the excursions do 
not last more than about 2 sec. and are measured from a zero line interpolated 
from zero checks immediately before and after (thus typically excursions of 
the 0°-30°-0° type, see Fig. 4, are reliably recorded). Potentials recorded 
under these conditions can be measured with an accuracy of certainly not 
worse than +50 microvolts (from Section 3 sine plot 35° excursions, where 
errors known not to be due to zero drift are minimum, +2 §.D.=+2-6° 
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and average calibration=580 pV for 30°=19-33 uwV/deg.). 31 in 128 or 
about 25 per cent. of recordings have to be rejected for excessive or obviously 
non-linear drift if excursions lasting more than about two seconds are to be 
measured. The remaining 75 per cent. can be used reliably (typically for 
the 5° rotations) provided that the intervals between zero checks are not 
longer than about 10 sec.; potentials recorded under these conditions can 
be measured with an accuracy of certainly not worse than +26 microvolts 
(from Section 2, +2 S.E.= +1-34° and average calibration = 19-33 uV/deg.). 
The accuracy figures assessed here are pessimistic and may therefore be 
relied on, because, as discussed in Section 2, they probably contain also an 
error variance due to any fixation inaccuracies by the subjects. 

These estimates show, by comparison with the zero drift distribution, a 
better accuracy than might be expected. This is because, as is obvious 
from inspection of the records, the zero drifts are not entirely random 
with a rapid periodicity, but progress fairly linearly for perhaps 5 or 10 sec. 
on average. It has not been possible, however, to compile a distribution 
of time intervals during which the drift remains truly linear, because the 
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fixations on zero were intermittent during the task and the recording was 
continuous only for about 20 to 30 sec. The assessments given above, 
based on linear interpolations between zero check points, are therefore the 
best estimates at present of zero drifts and of the accuracy which can be 
achieved, without using the full preparatory techniques including the skin 
drill, under various test durations and conditions. Use of the skin drill 
is thus not essential, particularly for clinical applications, but it is very 
helpful if maximum zero accuracy is required. 


(7) Clinical Observation 


In the course of this survey an interesting clinical observation was made 
which, so far as the search has gone at the present, does not seem to have been 
reported previously. 

While doing the task of fixing on demand the successive points set at 50° 
intervals almost every subject from the very start has no difficulty in fixing 
steadily each point until asked to move onto the next. The result, on the re- 
cord, is a series of clear, even “‘steps”’, of which typical examples can be seen in 
Fig.4. However, during the first survey, Subject 40 was found to be markedly 
unsteady in his fixations. When asked to move to the 5° point, he might 
well move rapidly to the 5°, 10°, and 15° points, and then settle his fixation 
back on the 10° point until told to move back one step to the 5° point; 
then, when asked to move to the 10° point, he might move to the 10° point 
and rapidly on to the 15° point and hold his fixation there until told to move 
back; again, when asked to hold steadily on zero, he would often move 
rapidly to points either side, fix zero for a short while, and then move off 
to one side again. At the time this behaviour was thought to be caused 
possibly by anxiety, lack of understanding, or deliberately poor co-operation, 
and a usable, though still irregular, record was obtained eventually, with an 
assistant pointing to the fixation spots. However, when the results were 
analysed, it was obvious that this response pattern was not just the worst 
example from a population of patterns but was instead an entirely different 
type of response. 


This subject was marked down, along with others whose “‘step” records 
had not been taken because of excessive drift, for special study during the 
re-test survey 10 months later. During this second survey Subject 40 was 
not available, but one of those whose “‘steps” had been omitted previously, 
Subject 50, was found to have, to a lesser degree, this same labile pattern of 
movement and fixation. In discussion, Subject 50 said that he was aware 
of his inability to maintain a steady fixation for long, that as far as he could 
remember he had always had it, that he did not think it interfered with his 
normal activities or with reading, that it had never previously been mentioned 
in any ophthalmic examinations, that he had no complaints about this 
vision, and that the only activity he found difficult was rifle-shooting, in 
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which the target became blurred when 
fixed with the right eye, so that he always 
shot “left-handed” using the left eye. 

An opportunity arose subsequently for 
a fuller test of Subject 40, during which 
the phenomenon was unchanged despite 
the subject’s full understanding of the 
task, good motivation, and apparent free- 
dom from anxiety; this subject has now 
been tested on three separate occasions 
and has stated himself that he understands 
clearly, is trying hard, and is not worried. 
Part of a record of his horizontal eye 
movements on the 5° steps task, along 
with the exact timing and words of the 
experimenter’s instructions, taken from a 
tape-recorder, is shown in Fig. 8. During 
these latter tests this subject has also been 
found to have an unusual response pattern 
when asked to fix and follow a moving 
target. The “normal” response in this 
situation, with a target speed in the range 
of 30°/sec. to about 1°/sec., is one saccadic 
movement to “lock on” to the target and 
then a smooth rotation of the eyeballs at 
the same speed as the target, with in some 
cases small saccadic movements of not 
more than about 2° (Dodge, 1903; West- 
heimer, 1954). 

An example of the typical response is 
given in Fig. 9 (opposite), where the pursuit 
eye movement at a mean speed of 3°/sec. 
follows the target as it moves across the 
horizontal frontal plane from 33° left to 
33° right at constant speed. Subject 40, 
however, tends to develop the correct 
velocity of smooth eyeball rotation, but 
intersperses it with large saccadic move- 
ments, some as much as 20° in extent, to 
points in advance of the present target 
position. An example of his following a 
target moving horizontally at about 6°/sec. 
(at which he was alittle better than at slower 
speeds) is shown in Fig. 10 (opposite). 











Fic. 8.—Subject 40 attempting 0° to 
30° left in 5° steps. 
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Fic. 10.—Subject 40 attempting to follow a target at 6°/sec. 


The timing marks indicate when the target was at successive 5° points in 
the visual field. 

In a full discussion the subject said that he was not aware of this pheno- 
menon and thought, for instance, that he was fixing the moving target all 
the time. He had no complaints about his vision; his rifle-shooting per- 
formance had been poor, but he could not remember whether he kept 
looking away from the target. 

Neither of these two subjects had any items in their medical history which 
might suggest an explanation or correlation. Subject 50 at about 3 years 
of age had had his adenoids removed in hospital. Apart from this neither 
had ever been in hospital, had ever had severe head injuries or nerve diseases 
such as meningitis, or had even been knocked unconscious (as far as they 
were aware). The mental and educational development of both appears 
to have been within the normal range, and neither was unduly near the bottom 
level in the T2 selection test (their scores were 79 and 84; the range of this 
recruitment was from 56 to 121). 

An ophthalmic report was obtained on both subjects. Subject 50 has 
uncorrected visual acuity 6/9 in both eyes separately, slight astigmatism 
and refractive error, Maddox wing exophoria 7°, and left hyperphoria 1° 
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to 2°. However this imbalance is well compensated, and, although bot. 
eyes show some alternate suppression, there is moderately good fusior 
and stereopsis. The left is the master eye and the right the constant deviator ; 
this latter point would seem to explain the subject’s change to “‘left-handed”’ 
rifle-shooting. However, in view of the relatively good compensation, 
fusion, and stereopsis, it is by no means certain that the ophthalmic defects 
are the cause of this subject’s unusual eye-movement and fixation pattern; 
but the possibility cannot be excluded. 

Subject 40, on the other hand, whose records are shown in Figs 8 and 10, 
has uncorrected visual acuity 6/6 both eyes, Maddox wing exophoria 4°, 
right hyperphoria 0-5°, both well compensated; slight convergence deficiency 
and some central suppression on left eye, otherwise binocular vision satis- 
factory. It does not appear that the ophthalmic defects can be the cause 
of this subject’s markedly unusual eye-movement and fixation patterns. 

These symptoms do not appear to match any of the many types of nystag- 
mus, as classified by Duke-Elder (1932), except possibly the category of 
“*nseudo-nystagmus”’, which would appear to be a broad designation covering 
the remaining nystagmoid patterns with no clearly established aetiology. 
It is tempting to speculate about possible causes, perhaps in terms of some 
minor neurological fault, but more evidence is needed. 


(8) Integrated Data on the Technique of Electro-Oculography 


Statements of the accuracy of the EOG technique have varied between 
not better than 5° (Jung, 1939) to +1° (Halstead, 1938). However no 
statistical data have in fact been published to establish its accuracy as a 
method of recording eye movements, and Marg (1951) has pointed out the 
need for such a study. 

Moreover it is important to distinguish between the various types of 
accuracy which can be quoted. First there is the sensitivity of the technique, 
in terms of the smallest eye movement which can be detected. Secondly, 
there is the zero accuracy in terms of the maximum amount by which eye 
movement results may be iri error, within a certain period of time, because 
of drifts of the zero point from which all measurements must be made. 
Thirdly, there is the calibration accuracy, in terms of +2 standard deviations 
of the error distribution of the results, recorded and interpreted in the usual 
way, when a series of known eye movements is repeated several times by a 
reasonable sample of subjects. 

From the data on EOG potential level, practical linearity and zero drift 
(using the full preparatory technique), reported in Sections 1, 2, and 6 above, 
statistical assessments can be made of these various accuracy terms. The 
results of course apply to horizontal eye movements when recorded with 
electrodes across the two eyes in series; the same type of analysis will apply 
to other methods of recording but the numerical results will be different. 
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The data on sensitivity and calibration accuracy will apply whether AC or 
DC recording methods are used, but the data on zero accuracy are relevant 
only to DC recording of the eyeball position with respect to a fixed zero 
point; AC recorders are of course used to nullify drifts of the zero level. 


Sensitivity.—The smallest eye movement which can be detected depends 
upon the potential per degree of eye movement from the electrode positions 
used and upon the peak-to-peak noise level of the recording system. Zero 
drifts may, for practical purposes, be ignored when recording for only a 
second or two, provided the full preparatory technique is used. Moreover 
when it is desired merely to record whether or not an eye movement has 
occurred, for instance as a control on the maintenance of a given fixation 
during perception experiments, then an AC amplifier with a long time 
constant, for instance an EEG amplifier, can safely be used, without loss of 
relevant information, to eliminate any residual zero drifts. 

Suitable amplifiers are available with peak-to-peak noise levels of less than 
3 wV. Taking a conservative view, and requiring a signal to be nearly 
twice the noise level to be classified as reliably detectable, we may conclude 
that an eye movement can certainly be detected if it results in a change of 
potential of 5 »V at the electrodes. The exact amplitude of the smallest 
detectable eye movement will therefore vary between subjects according to 
their EOG potential level and the electrode positions. 

With the electrode pédsitions used in this survey, it is clear from the EOG 
potential distribution of Section 1 that horizontal eye movements from 30 
min. down to 10 min. of arc can be detected. With special electrodes 
placed close to the external canthi, the higher potentials obtained may 
enable eye movements as small as 5 min. of arc or less to be detected with 
suitable subjects. 


Zero Accuracy.—The assessment of zero accuracy depends upon the potential 
per degree of eye movement from the subject and upon the distribution 
of zero drifts which occur over the time periods which are of interest. The 
residual noise level and drift of a good recording system may, for practical 
purposes, be ignored. 

Thus to determine the maximum amount by which eye movement results 
may be in error, within a certain period of time, it is necessary to combine 
the data from two distributions, that of the EOG potential levels of different 
subjects and that of the amplitudes of zero drift. This has been done, and 
from Fig. 11 (overleaf) it can be deduced what percentage of subjects will have 
what maximum error (in degrees of eye movement) for what percentage of one- 
minute recording spells. It should be remembered that the results given 
here are specific to the full preparatory technique with skin drill, and to 
horizontal eye movements and the electrode positions used in these experi- 
ments. 
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However the results are considered to be very conservative estimates of 
the zero accuracy attainable. The maximum error figures assume that all 
movements would be measured, in each one-minute recording spell, from the 
same arbitrary zero level; but because there is a general tendency for the 
zero drifts to progress fairly linearly for several minutes at a time, it is 
possible, by interpolating a zero line between the two levels at start and 
finish, from which to make all measurements, to improve considerably the 
accuracy of analysis. Again, by placing the electrodes nearer the external 
canthi larger EOG potentials can be obtained, thus improving the ratio 
of the signal to the drift error. Moreover the longer the electrodes are in 
position the smaller the zero drifts tend to become (mean drift rate for first 
half of zero drift test periods =56 »V/min., for second half =44 »V/min.; 
20 per cent. improvement significant at P= <0-01. Shackel, 1958). 

Thus Fig. 11 is probably a reliable guide to the worst error results which 
should now be attainable with the technique of electro-oculography, but 
does not fairly represent the best which can be achieved. 


Calibration Accuracy.—Ideally, the assessment of calibration accuracy 
should be uncontaminated by an error term from zero drifts. In practice 
this is not possible; the zero error can only be diminished as far as possible (by 
interpolating a zero level between the zero checks at start and finish). There- 
fore the measures of calibration error obtained from this survey really 
provide assessments of the total error of the EOG technique for various 
angular excursions in the horizontal plane. 

The subjects were fixing a series of known points, their results were inter- 
preted into degrees of eye movement in the usual way, and the distributions 
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of the differences between the actual and the recorded excursion were 
computed. From these analyses it is clear that the technique may be 
regarded as accurate to +1-2° for excursions up to 20° and to +1-35° 
for excursions up to 30°. Results of this accuracy are obtainable when using 
only a simple linear calibration from one excursion point. The calculation 
of best-fitting linear calibration plots to the data of each subject is not 
regarded as practical for routine use; there are indications, therefore, that 
care must be exercised in the method of calibration when using the technique 
to investigate accurately excursions of more than 30° from the centre (see 
Section 3 for details). 

It should be emphasized that, as discussed in Section 2, these assesssments 
of accuracy are considered pessimistic and therefore reliable. The technique 
of electro-oculography thus seems capable of providing accurate, objective, 
eye-movement records both for research and for routine clinical use, as has 
been emphasized by, for instance, Cohn (1957), Dieterlé and von Berger 
(1954), and McLay, Madigan, and Ormerod (1958). 


Conclusion 


It is believed that the survey has adequately fulfilled its purpose of ex- 
ploring empirically some parts of the field of electro-oculography. That 
it has raised more problems than it has solved is regarded as a measure of 
its value. 

Three main sections can be distinguished. Some statistical evidence has 
been gained on EOG as a technique for recording eye movements; some 
more precise tests are needed to determine its ultimate accuracy. Some 
evidence has been gained about the EOG potential itself as a psycho-physio- 
logical variable, adding slightly to the evidence already available which 
suggests that some significant relationship with body metabolism may be 
found; it is hoped to study this problem further in a number of ways. An 
individual difference in eye-movement behaviour of two subjects is reported; 
further investigation is needed. 

A second survey on the same group of subjects has already been made 
as a continuation from this study. The results will be reported in due course. 


Summary 


126 subjects, making a series of simple eye movements and fixations in the 
horizontal plane, were studied by means of the electrical technique for 
recording eye movements known as electro-oculography (EOG) in order 
to learn more about the underlying principles of the technique and about 
the eyeball potential itself. The test took less than 10 min. on each subject. 
The following main evidence was obtained: 

(1) In the population tested and with the method used the mean EOG 


potential for a 30° horizontal excursion is 580 »V, with a range of 
about 300 to 1,000 pV. 
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(2) The relationship between EOG potential and eyeball rotation may b: 
regarded as linear for excursions up to 30° either side of centre; th: 
accuracy of recording eye movements in this range, by linear con- 
version from single calibration points at 25°, is not worse than + 1-35", 

(3) Some supporting but not conclusive evidence was found for the 
hypothesis that the true relationship between EOG potential and 
eyeball rotation is a sine function. 


(4) A correlation for EOG potential level with age of r= - 33 was found. 
(5) No other significant and reliable correlations with EOG potential 


level were found. 

(6) The zero accuracy of the technique without using the “skin drill” 
was found to be more than ten times worse than when preparing 
subjects fully with the “skin drill” as well. 

(7) Two subjects were found to have an unusual and, it is believed, 
hitherto unreported type of eye-movement and fixation response- 


pattern for apparently “normal” persons doing a simple visual 
task. 


Some implications and deductions from the results are presented. 
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APPENDIX 
Some SUGGESTED DEFINITIONS IN ELECTRO-OCULOGRAPHY (EOG) 


CORNEO-RETINAL STANDING POTENTIAL.—The actual potential difference between 
cornea and foveal sclera as measured by electrodes placed in contrast with those 
structures. It is thus normally exactly measurable only on freshly-excised eyes. 


EOG PorentTIAL.—The corneo-retinal standing potential as measured in an EOG + 
situation by means of peri-orbital electrodes suitably placed to record a potential 
difference when the eyeball position in the plane of the electrode departs from the 
mean Zero point (at which cornea and central retina are approximately equidistant 
from the electrodes.) 


EOG POTENTIAL LEVEL OF A GIVEN SUBJECT.—A measure of the corneo-retinal 
standing potential level for that subject, because it is the EOG potential recorded 


under standard conditions. 


UNIOCULAR EOG POTENTIAL LEVEL.—This is measured in the horizontal plane 
across one eye. 


BINOCULAR EOG PorenTIAL LevEL.—This is measured horizontally across both 
eyes with an electrode placed near the external canthus of each. 


Note: For exact measurement the electrodes must be placed precisely on the hori- 
zontal plane through the cornea. 


EOG PorenrTIAL LEvEL.—The mean potential recorded at any time for a 30° 
excursion. It is the mean of at least one excursion each side of centre to 30° left 
and 30° right; it may be expressed simply in millivolts or microvolts, the standard 
conditions being assumed, or may be divided by 30 and expressed in microvolts 
per degree (uV/deg.). Unless stated to be uniocular, it is assumed that any 
EOG potential level is a binocular level (because Lead 3, as defined by Miles, 


horizontally across both eyes gives more reliable results; Miles, 1939b). 


Note: It is known that EOG potential varies with the distance of the electrodes 
from the eye, but the exact relationship is not known. Therefore at present the EOG 
potential level of one subject cannot be directly compared with that of another subject 
unless the electrode positions be known to be identical on both. Also one distribution 
of EOG potential levels cannot be directly compared statistically with another unless 
it be known that the electrode positions were substantially the same for the two surveys 
from which the distributions were obtained. Two distributions obtained by the same 
experimenter are probably comparable, ‘provided he has used the same electrodes 
and technique, because he will have placed the electrodes in much the same position 
on people with similar facial structure; provided the sampling populations are reason- 
ably large and of broadly similar age and racial groups, the differences due to different 
facial structures (which therefore cause different distances between the electrode and 
the eye) will add a random sampling error but will not bias the data. 
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PERIPHERAL IRIDECTOMY IN CLOSED-ANGLE 
GLAUCOMA* 


BY 


P. L. BLAXTER anp S. CHATTERJEE 
Manchester Royal Eye Hospital 


* PERIPHERAL iridectomy has become an accepted method of treating closed- 
angle glaucoma. During the last 4 years we have performed this operation 
on more than seventy eyes and the results have convinced us that this is one 


of the safest and most successful of all operations for glaucoma provided that — 


the cases are properly selected. It is the ideal operation for early cases of 
closed-angle glaucoma where the aqueous outflow has not becomé obstructed 
by goniosynechiae, but a detailed: analysis of the first 39 cases shows a con- 
siderable number of successes in those in which the disease was more advan- 
ced, which indicates that this operation should not necessarily be confined 
to early cases but may sometimes have a place in the treatment of acute and 
“chronic” “congestive” glaucoma. We have also performed this operation 
as a prophylactic procedure on eyes with no positive evidence of glaucoma 
for reasons to be discussed later. 

To understand how a peripheral iridectomy can control a closed-angle 
glaucoma (and thus appreciate the indications for the operation) we must 
have a clear picture of the sequence of events which causes the rise in ocular 
tension. This has been very clearly described by Barkan (1938, 19339, 
1954), Chandler (1952), and other workers, and has been called the Curran 
Chandler mechanism. 

The essential feature is an abnormal relationship between the iris diaphragm 
and the lens. Priestley Smith (1891) first drew attention to the now well- 
recognized fact that, in eyes with congestive glaucoma, the anterior chamber 
is shallow. The cause of this shallow anterior chamber may be congenital or 
developmental, associated with hypermetropia or due to an increase in the 
size of the lens, but whatever the reason the effect is that because the lens is 
further forward its contact with the iris diaphragm is more rigid so that these 
two structures can act as a valve hindering the easy flow of aqueous from the 
posterior to the anterior chamber, and thus causing an increase in pressure 
in the former. 

This increase in pressure causes the periphery of the iris to bulge forward 
(physiological iris bombé), especially when the pupil is semi-dilated and the 
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diaphragm consequently lax, so that it may come into contact with the corneo- 
scleral trabecula and obstruct the aqueous outflow, causing an attack of 
“congestive” glaucoma. The mechanism is well illustrated by a case des- 
cribed by Miller (1956). A peripheral iridectomy was performed for closed- 
angle glaucoma, but at the first dressing the eye was found to be in tension. 
This proved to be due to the fact that the posterior layer of the iris had been 
left intact, and it was seen herniating through the gap, indicating the increased 
pressure in the posterior chamber. When the layer was divided the condition 
was relieved. 

It is not suggested that this is the whole story, but merely the anatomical 
sequence of events which leads to the increase in pressure. Abnormal hypo- 
thalamic activity, ciliary congestion, and other neurovascular events must be 
envisaged to explain the intermittent nature of the disease and its relation to 
emotional factors. 

Any procedure which would prevent the increase of pressure in the posterior 
chamber would flatten the iris bombé, open the angle and prevent the rise in 
tension. 

Curran (1920) suggested the use of a peripheral iridectomy in these cases. 
Later, Chandler (1952) showed that after a peripheral iridectomy had been 
performed the angle became wider, and he suggested this procedure as a cure 
for congestive glaucoma. Since then, an increasing number of surgeons 
have been performing peripheral iridectomies as a preventive measure in 
early cases of closed-angle glaucoma before the development of organic 
changes in the angle. Duke-Elder (1955) considers that, although the basic 
cause of the disease in some cases is probably neurovascular, the very real 
possibility of an acute attack is eliminated by peripheral iridectomy. Unfor- 
tunately this relatively simple procedure is only successful in cases in which 
there are no gross organic changes in the angle, and if a large part of the 
angle is occluded by peripheral anterior synechiae a filtration operation will 
be necessary to control the tension. 

If the iris is in contact with the cornea for any length of time it is liable to 
become adherent to it, and if, in addition, there is inflammatory reaction or 
congestion the development of synechiae will be more likely. 

An eye may respond to the rise in tension caused by angle block in various 
ways, but probably the commonest is that the increased pressure causes 
venous congestion with subsequent liberation of histamine and strangulation 
so that a typical picture of a congestive attack of an acute glaucoma develops. 
This frequently occurs without any previous warning symptoms. 

Alternatively, the obstruction may become freed spontaneously and the 
tension may return to normal, but usually further attacks will occur often 
increasing in severity and frequency until either the patient has an acute 
attack or the irido-corneal contact becomes permanent in some part or parts 
of the angle, so that a state of chronic closed-angle glaucoma is reached with 
permanently raised tension, obstructed outflow, and disc and field changes. 
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Such an eye may develop an acute attack at any time. At any stage of the 
disease peripheral anterior synechiae are liable to be formed. 


Selection of Cases 


The difficulty in selecting the right cases for peripheral iridectomy is due to 
our inability to estimate with any certainty the condition of the angle, but 
certain investigations are helpful. 


(1) Gonioscopy.— Usually these cases have such narrow angles that, even when the 
eye is examined in extreme miosis, it is impossible to see beyond the last fold of the 
iris and even when the iris can be seen to be in contact with the trabeculae it is 
impossible to determine whether it is merely in contact or adherent. If, however, 
the angle is open although narrow, a peripheral iridectomy will almost certainly 
be successful. 


(2) History.—The longer the irido-corneal contact is maintained the more likely 
are adhesions to develop, so that the duration and frequency of symptoms in the 
chronic case or the duration of the acute attack may give some indication, but 
McDonald (1956) suggests that, at least as far as the acute attack is concerned, the 
duration of the attack is not related to the formation of peripheral anterior syne- 
chiae. 


(3) Visual Field Changes.—The presence of optic disc and visual field changes is 
considered to be an indication that there is permanent damage to the angle. 


(4) Ocular Tension.—If this is raised or is even in the upper limits of normal between 
attacks there must be some permanent obstruction to aqueous outflow. On the 
other hand a normal tonography reading between attacks, especially if the test is 
performed when the patient is not having miotics, indicates that the angle is open. 


These tests may show the condition of the angle, but one other fact must 
be taken into consideration before deciding whether a peripheral iridectomy 
is indicated in any particular case. 

Foulds and Phillips (1956) published a series of cases of advanced chronic 
closed-angle glaucoma apparently cured by peripheral iridectomy, which 
indicates that such cases may be caused by irido-corneal contact alone with- 
out organic adhesions. Some of our own cases seem to confirm this observa- 
tion. 

If we accept that any case of closed-angle glaucoma can be caused by 
irido-corneal contact alone, the theoretical scope of the operation becomes 
much wider, as any case of closed-angle glaucoma may be cured by a peripheral 
iridectomy if the operation is technically practical. 

We feel that, instead of being restricted to cases in which at least the greater 
part of the angle is open and the ocular tension normal, cases, that is, in 
which the hope of success is very high, this operation should be extended to 
all cases of closed-angle glaucoma in which there is no definite indication that 
a large portion of the filtration angle is obstructed by synechiae. This would 
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mean that a greater number of cases could be relieved by a relatively safe 
operation, and in the rest the danger of an acute attack would be eliminated; 
should post-operative follow-up show that the ocular tension is still un- 
controlled a filtration operation could still be performed. In these doubtful 
cases it is a good policy to perform the operation well to the side of the 
midline to leave an area of undisturbed conjunctiva should a second operation 
prove to be necessary. 

To-day chronic simple glaucoma is often diagnosed by provocative tests 
and tension readings before the appearance of disc or field changes (especially 
in the second eye). In these cases we delay surgery as long as the disc and 
field remain normal, even if medical treatment does not completely control 
the tension. Therefore in a case of chronic closed-angle glaucoma, when it is 
obvious that some form of surgery will be necessary, we feel that it is illogical 
to perform a filtration operation when a peripheral iridectomy will certainly 
remove the danger of an acute attack and may cure the condition entirely. 

We are now in a position to discuss the place of a peripheral iridectomy in 
all stages of closed-angle glaucoma based on the above survey of the essential 
features of the disease. 


I. Acute Glaucoma.—Peripheral iridectomy will relieve an attack of acute 
glaucoma just as successfully as a complete iridectomy with the advantage 
that it is less likely to cause loss of the anterior chamber and the consequent 
development of peripheral anterior synechiae and lens changes. 

It is extremely difficult to perform this operation if the tension is high, as 
in such cases the whole iris prolapses, and for this reason it is only suitable 
for those in which the attack has been controlled by medical treatment. 
Furthermore, we do not recommend this operation if the eye remains very 
congested, as such an eye frequently develops post-operative iritis and we feel 
that the larger gap produced by a broad iridectomy is less likely to become 
occluded by exudate. 

In all other cases the operation is as satisfactory as a complete iridectomy 
in controlling the acute phase. In either operation the final result will 
depend on the presence of peripheral anterior synechiae—which means that 
in either case there must be post-operative follow-up for signs of obstructed 
out-flow. 


II. Advanced Chronic Closed-Angle Glaucoma.—These are the cases with 
permanently raised tension, cupped discs, and field loss, with an angle which 
appears partially or completely closed. The reason for performing the 
operation is based on our former evidence suggesting that this condition may 
be due to iris contact alone; if so, the operation will be successful, but the 
chance of success is not certain and one must therefore be prepared to per- 
form a filtration operation at a later stage if necessary. 


Ill. Early Closed-Angle Glaucoma.—These are the typical cases of intermittent 
attacks of haloes and blurred vision with normal tension between the attacks, 
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or with demonstrable raised tension on occasions only, usually with a positive 
darkroom test. There is a good chance of a complete cure in this type of 
case. 


IV. Pre-glaucomatous Eyes.—The eyes which we consider to be pre-glauco- 
matous are those whose fellow eye has had acute or chronic closed-angle 
glaucoma, but which have shown no evidence of increased tension themselves 
although they have narrow angles and show a rise of more than 9 mm. Hg in 
the dark or with a mydriatic test. It may be considered that the operation is 
rather more of a prophylactic procedure than a curative measure but, taking 
the view that a positive provocative test means that the diagnosis has been 
established, we reserve the term prophylactic operation for cases showing no 
demonstrable evidence of the disease. As we shall see we have found this 
latter group to be very much smaller than we had suspected. It seems that, 
when gonioscopy and provocative tests are used, it is exceptional to find no 
positive signs of glaucoma in the second eye. The success of peripheral 
iridectomy in this pre-glaucomatous group should be a near certainty. 





V. Prophylaxis.—Peripheral iridectomy is performed as a prophylactic pro- 
cedure on eyes showing no evidence of glaucoma, but whose fellow eye is 
known to have the disease. 

Primary glaucoma has always been recognized as a disease which affects 
both eyes. Bain (1957), in a survey of 200 cases of acute glaucoma, found 
that 53 per cent. of the second eyes with and without medical treatment 
produced some evidence of closed-angle glaucoma, either an acute attack 
(28 per cent.) or symptoms of chronic congestive glaucoma (20 per cent.). 
This emphasizes that, after one eye has suffered an attack of acute glaucoma, 
the fellow eye must be considered to be in great danger even if symptom-free. 
Miotic therapy is no safeguard as, although cases treated on a miotic showed 
a fewer number with symptoms, the percentage of acute attacks was the same 
as in the untreated cases. Miotics in fact may lead to a sense of false security, 
suppressing symptoms by their effect on the episcleral venous pressure, but 
still permitting the formation of synechiae and the insidious onset of chronic 
closed-angle glaucoma. If the second eye produces symptoms the problem 
is easy; the case is one of early closed-angle glaucoma and should be dealt 
with accordingly. But there are also cases without symptoms, which are 
negative to provocative tests, but which nevertheless have an even chance of 
developing an acute attack whether treated with miotics or not. Even 
keeping them under permanent observation in glaucoma clinics is of little 
help, as one can never foretell when an attack will develop. Obviously, 
factors such as age, the resultant vision in the eye that suffered the acute 
attack, and the place of residence and occupation of the patient, must be 
taken into consideration, but there is undoubtedly a good case for performing 
a peripheral iridectomy on the second eye whether or not it shows any positive 
evidence of glaucoma, provided the angle is narrow. 
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It must be realized, however, that the cases in Bain’s series had not all been 
subjected to provocative tests, so that these results may be a little misleading; 
they do not necessarily indicate that second eyes with negative provocative 
tests will eventually develop closed-angle glaucoma. 

Because of this we are not at present operating on all second eyes even if 
the factors mentioned above do not contraindicate it, but we are trying to 
select the cases we feel to be unsafe in spite of negative provocative tests. 

Our policy is to examine all these eyes with the gonioscope before and after 
mydriasis and, if under these conditions a large part of the angle however 
narrow is seen to be open, the patient is merely kept under periodic ébserva- 
tion as an out-patient with no prophylactic miotic therapy. When we find 
that under either of these conditions the angle is so narrow that we are unable 
to see beyond the anterior trabeculae, a prophylactic operation is performed. 
If we find that some of these untreated eyes do develop acute glaucoma in the 
course of time, this policy will have to be reconsidered. 


Present Series of Cases 


Acting on our belief in the principles outlined above, we have performed a 
peripheral iridectomy on over seventy eyes during the last 4 years and the 
immediate post-operative results have convinced us that this is a satisfactory 
and safe operation. In some cases sufficient time has not elapsed to assess 
the efficiency of the operation in controlling the disease, or the likelihood of 
long-term post-operative complications, but a detailed analysis of the first 39 
(performed at least 2 years ago) shows very satisfactory results. 


Operative Technique.—It is essential to make every effort to avoid loss of the anterior 
chamber during the operation, so a small ab externo incision is made (Wolff, 1949), 
1-5 mm. behind the limbus and only about 3 mm. long. We prevent the globe 
rotating with a scleral hook inserted 5 mm. from the limbus, and use a No. 11 
Bard-Parker blade. The depth of the incision should be vertical through the 
sclera as an oblique cut may prevent the iris from prolapsing. 

As soon as the anterior chamber is entered the posterior lip of the wound is 
depressed and the iris prolapses. The iridectomy should not be too small as a very 
small basal opening may be drawn up into the wound and obliterated. 

The limbus is massaged with an iris repositor until the pupil is once again 
round; it is rarely necessary to insert the instrument into the wound to replace the 
pillars of the iridectomy. In the early cases we closed the wound with a pre-placed 
suture, but this seems to be unnecessary. The conjunctival flap is sutured, and a 
drop of 1 per cent atropine instilled. 


Possible Complications 


(1) In two cases there was blood in the anterior chamber at the end of the 
Operation, but in both it had disappeared by the time of the first dressing. We 
have had no incidence of post-operative hyphaema to date. 
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(2) If the iris fails to prolapse when the posterior lip of the wound is depress: d, 
forceps will have to be introduced into the anterior chamber to deliver the iris root. 
This happened on four occasions and we found that it can be done quite easily by 
using curved iris forceps with the concave side towards the globe. 


(3) Sometimes the ocular tension is raised at the time of operation (this is par- 
ticularly liable to occur if cocaine drops are used before the patient comes to the 
theatre). Increased tension is liable to lead to excessive prolapse of the iris so that a 
complete iridectomy has to be performed. 


(4) Loss of the anterior chamber should not normally occur, but may do so if 
forceps have to be introduced into the wound, although even then it is usually only 
partial. 

















Results of Peripheral Iridectomy in the First 39 Cases (Table) 


(A) CURATIVE OPERATIONS (32 cases) 






(i) Acute Glaucoma.—Of the five cases, one had a complete iridectomy because there was 
a large iris prolapse, and one has a filtering scar. In all five patients the post-operative 
ocular tension was normal and the angle open. They all have a negative darkroom test 
and the disease has remained controlled. 


(ii) Advanced Chronic Cases.—There were only two of these in the first series. In one the 
angle has become open except for a very small area where there are peripheral anterior 
synechiae, the ocular tension has become normal, and the disease has not progressed; the 
raised tension in this case thus appears to have been due to irido-corneal contact alone. 
The second case was a failure on account of faulty diagnosis. This was a case with 
raised tension, and with angles that were narrow but open; it was in fact a case of chronic 
simple glaucoma with narrow angle. A fistulization has now controlled the tension. 














(iii) Early Closed-Angle Glaucoma.—There were 22 cases sub-divided as follows: 

(a) Those with permanently increased ocular tension and congestive symptoms, but normal optic 
discs and visual fields, and therefore presumably some degree of permanent angle block. There 
were twelve such cases, and in one a filtration operation was later required to control tension. 
The remaining eleven are symptom-free with normal tension. The angles have opened up and 
in nine the darkroom test is now negative. 

(6) Those with congestive symptoms but normal ocular tension between attacks. There were 


ten such cases and all are now symptom-free. The angles are at least 70 per cent. open in all 
cases. In the five cases in which it has been performed the darkroom test is negative. 












In all 22 cases the visual acuity was unchanged post-operatively and there has been no 
subsequent deterioration. 








(iv) Pre-glaucoma.—All three cases now have negative provocative tests and open angles 
and the visual acuity has not been affected by the operation. 






(B) PROPHYLACTIC OPERATIONS (7 cases) 






All seven cases show wider angles, negative darkroom tests, and no alteration in 
visual acuity. These eyes are functionally just as efficient as before the operation 
but the danger of acute glaucoma has been eliminated. It is worth recording that 
since adopting the policy outlined above we have seen no attacks in fellow eyes. 
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TABLE 


RESULTS IN 39 CASES OF PERIPHERAL IRIDECTOMY 





Operative Group 


Features of Each Group 


No. of Eyes 
in which 
Peripheral 
Iridectomy 
was Performed 


No. of Eyes 
Considered 
Satisfactory 





Acute Glaucoma 


All settled by acute 
medical treatment 





Chronic Closed-angle 
Glaucoma 


All showed cupped disc 
with visual field changes 





Early Congestive 
Glaucoma 


All had symptoms of halo 
or blurring or both 


50 per cent. showed raised 
ocular tension and the 
results of provocative 
tests were positive in 
the remainder 





None showed raised ten- 
sion 

None had symptoms 

Provocative tests gave 
positive results 





All fellow eyes 


Prophylaxis 
No evidence of glaucoma 

















Discussion 
The success of any glaucoma operation may be assessed by the following 
criteria : 
(1) That the disease is controlled. 
This means that the tension is reduced to the normal limits, the facility of 


aqueous outflow is normal or increased, there is no further field loss, the patient is 
symptom-free, and provocative tests are normal. 


(2) That the structural damage to the globe has been minimal, especially 
with reference to: 
(a) The development of further obstruction to aqueous outflow in the form 
of peripheral anterior synechiae. 
(b) Damage to the lens. 


(3) That there has been no deterioration in visual acuity. 


Complete success by these standards is often too much to expect from 
filtration operations and one may be content to control the tension even 
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though this may lead to further damage to the angle, as often happens afte: 


a trephine, or to the development of post-operative lens changes. However, 
this is not enough when operating on early cases of closed-angle glaucoma as 
the risk of causing damage to the eyes must be very slight if surgery is to be 
justified. In our series, peripheral iridectomy has controlled the disease in 
all but three cases and, as far as we can tell has caused no further damage to 
any of them, so that we can claim with justification that this is a reasonably 


safe and worthwhile procedure. 


Summary 
The mechanism of closed-angle glaucoma and the principles of peripheral 


iridectomy are described. 
The application of this operation to the treatment of the different stages of 


closed-angle glaucoma is discussed. 
The principal points of operative technique are described. 


The results of the first 39 cases are analysed. It is concluded that the 
operation is safe, and that it is a worthwhile procedure in selected cases. 


REFERENCES 


BARKAN, O. (1938). Amer. J. Ophthal., 21, 1099. 
(1939). Arch. Ophthal. (Chicago), 21, 331. 
(1954). “Amer. J. Ophthal., 31, 332, 504, 724, 889. 

BAIN, W. E. S. (1957). Brit. J, Ophthal., 41, 193. 

CHANDLER, P. A. (1952). A.M.A. Arch. ‘Ophthal. 4, 695. 

CURRAN, E. J. (1920). Arch. Ophthal. (N.Y.), 4 

Duxe-Ecper, S. (1955). Jn “Glaucoma, a Symposium”, ”, pp. eg Blackwell, Oxford, 

Fou.ps, W. $., and Puiturrs, C. [. (1957). Brit. J. Ophthal. = — 

McDOnALp, JE. (1956). Eye, Ear, Nose, Thr. Monthly, 35, 40 


Miter, S. J. H. (1956). Brit. J. Ophthal, 40, 284. 
SMITH, ‘PRIESTLEY (1891). “On the Pathology and Treatment of Glaucoma’”’, p. 77. Churchill, 


London. 
Wo rr, E. (1949). Brit. J. Ophthal., 33, 514. 





eS oe ae a oe 


Brit, J. Ophthal. (1960) 44, 123. 


BILATERAL SECONDARY GLAUCOMA AND SYSTEMIC 
HYPERTENSION IN MARFAN’S SYNDROME* 


BY 
V. A. F. MARTIN AND ERIC C, COWAN 


The Benn Hospital, Belfast 


SINCE Marfan (1896) first described the condition of “dolichostenomalie”’, 
some 200 cases have been reported in the literature, each with its variation of 
the original and with some added claim to the unique. That the syndrome 
is associated with other congenital abnormalities is also widely reported: 


its occurrence with congenital heart disease was noted by Lloyd (1937) in 
his review of a number of cases of arachnodactyly, and Loughridge (1958) 


described several cases in which it was associated with renal lesions. 
The following case shows the combination of several rare features in one 


child, precipitating one ocular castastrophe which was closely followed by 


the makings of another. 
Reversing the usual procedure, we will give a summary here and follow it 


with the detailed notes and comments. 


Case Report 
Male child born in 1949 
Acute nephritis (1955) 


Systemic hypertension ((957) 
Systemic hypertensive attack (January, 1958) 





( 
Right Eye Let Eye 


Systemic hypertensive attack (June, 1958) Glaucoma 


\ 
Acute glaucoma Absolute glaucoma 
ce 
\ridectomy and lens extraction Ciliary staphyloma 


Fair vision, normal tension Enucleation (May, 1958) 


In 1955 a boy, then aged 6 years was admitted to the Roya) Belfast Hospital for Sick 
Children suffering from acute nephritis, and this was treated accordingly. 

In December 1956, he was again admitted with a history of vomiting, nausea, pale 
turns, and headaches; the blood pressure was raised and he was found to have bilateral 
dislocation of the lens. This seems to have been the first time that any ocular disorder 
was noted, and the parents did not mention any such suspicion to the admitting doctor. 
After this the boy was seen to have a rather stamping type of gait, which was put down to 
his poor eyesight. He was to have been seen by an ophthalmologist at this time but, 
as the hypertension had settled, he was discharged before this could be done. 





*R ived for publicati March 2, 1959. 
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‘ 


Extensive investigations of the cause of the hypertension were carried out and the onl. 
abnormality was that he had a left pelvic kidney. This systemic problem being the main 
item, the relatively minor ophthalmic lesions were noted but not followed up. About 
this time, he had his first ophthalmic examination and bilateral dislocation of both lenses 
was confirmed; no gross disorder was seen in either media or fundi, but details were very 
hard to.make out. A retinoscopy through the lenses showed an error of —12D sph. 
Glasses were ordered, but not obtained and their effect on vision was therefore never 
ascertained. 

Having contracted Sonne dysentery on December 20 he was transferred to the isolation 

hospital; his blood pressure being 125/90, anti-hypertensive drugs were continued. 

’ On January 11, 1959, the bowel infection being cleared, he was re-admitted to the 
Children’s Hospital with a blood pressure of 225/180. As the left eye was red one of us 
was asked to see him. 


Left Eye.—There was corneal oedema, ciliary injection, and a widely dilated fixed pupil. 
There was no perception of light and the picture was that of absolute glaucoma. The 
Jens was behind the iris. After being treated with eserine drops and Diamox tablets 
(tabs. acetazoleamide) the eye was soft a week later. A ciliary staphyloma was developing 
and the lens was dislocated downwards and backwards. All this time the right eye 
remained absolutely quiet with the lens subluxated behind the pupil. The ocular tension 
was always quite normal. 

In March the ciliary staphyloma was more pronounced and, as the tension was again 
raised, the advisability of enucleation was considered. It was decided to do this when 
the systemic condition permitted the adminstration of a general anaesthetic, and the 
operation was performed in mid May. 


The pathological report confirmed the diagnosis of intercalary staphyloma and secon- 
dary glaucoma. By the beginning of June the socket was quite healed. 


Right Eye.—The right lens was found to be dislocated into the anterior chamber, but 
when the child lay in a dark room, the pupil dilated and the lens returned to its previous 
position and stayed there. 

On June 12, while he was at a convalescent home, the blood pressure again rose sharply 
to 180/190 systolic and 145/150 diastolic. This was followed by headache, sore eye, 
nausea, and vomiting. The anti-hypertensive treatment was stepped up and he was 
transferred next day to the main hospital where he was seen by us the same afternoon. 
The lens was found to be lying in the pupillary area completely blocking the pupil. 
The ocular tension was very high and the cornea oedematous, and the lens was gripped 
firmly by the pupil, lying half in the anterior chamber and half behind the pupil in the 
posterior chamber. A drop of 1 per cent. eserine was instilled to attempt to close the 
pupil behind the lens, but this was without effect because of the mechanical position of 
the lens itself. It was then decided to dilate the pupil to see if that would free the lens, 
and homatropine and adrenalin (each used in 1 per cent. solution) were used half-hourly 
combined with ‘‘Diamox”’ orally. The child’s general condition was very poor, the blood 
pressure being still high, and he was heavily sedated with anti-hypertensive drugs. 

This treatment was continued throughout the afternoon, and at 6.30 p.m. as the eye 
was unchanged, it was reluctantly decided to operate and remove the offending lens. This 
was done under general anaesthetic, the incision being made with a Bard—Parker knife 
under a large conjunctival flap and extended with scissors. Immediately the anterior 
chamber was entered some vitreous and iris prolapsed. After these had been excised 
the lens was removed with the vectis and the wound was closed with a continuous con- 
junctival suture without further loss of vitreous. 
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2 weeks later, the eye having healed well, the patient was sent back to the convalescent 
home. The blood pressure was now 155/105. The ocular tension was normal, but 


owing to medial haze no fundus reflex was obtained on attempted retinoscopy. The 
visual acuity was 6/36 with a +10 D sph. 


A month later the right eye was quite quiet, the ocular tension was normal, the media 
were clear enough to see the disc, and a refraction was obtained. As the child could not 


keep his eye still, it was difficult to make out fundus details clearly, but even so no hae- 
morrhages or exudates were present, the disc was normal, and some central retinal 
degenerative changes were seen. 


With +12 D sph. he could recognize different nurses about the room and wearing 
these glasses 2 months later could read 6/24-6/18. 


Comment 


In this case of Marfan’s syndrome there appeared to be a connexion 
between the elevation of the systemic blood pressure to a high level, and the 
intra-ocular glaucomatous crisis. The fact that there was also a congenitally- 
displaced kidney is noted. That the intra-ocular pressure varies with the 
hydrostatic pressure in the ocular capillaries is well known, but it does not 
usually vary with the general arterial blood pressure, systemic hypertension 
not being essential for glaucoma and the occurrence of the two together being 
accidental rather than essential. But it is also known that, in the hyper- 
tensive individual, the high blood pressure may possibly break through 
the peripheral resistance of the arterioles so that a hypertensive crisis may 
well give rise to an acute rise in the ocular tension. The raised systemic 
pressure may also make the intra-ocular neuro-vascular controlling 
mechanism more labile and more subject to trauma from a subluxated lens 
asin this case. That the two ocular incidents recorded above were preceded 
and accompanied by systemic hypertensive crisis could suggest a connexion 
between them, in as much as the increased blood pressure could have started 
off a chain of incidents which in the first case led to the closure of the fil- 
tration angle with peripheral anterior synechiae and in the second to the 
blockage of the pupil by the dislocated lens. 

Hilding (1957) stated that subluxation of one or both lenses in a child 
presents the ophthalmologist with a problem entailing a difficult decision, 
and Agnew (1885) admitted that such cases are embarrassing. We would go 
further and say that, having seen the results that may ensue, and the 
rapidity with which they may happen, such cases are not only difficult and 
embarrassing but are some of the most worrying of all ophthalmic emer- 
gencies. Hilding (1957) described two cases of glaucoma in a child due to 
blockage of the pupils by subluxated lenses in which he was able to delay 
operation for some days, but in this case we felt delay to be out of the 
question, as the first eye had gone blind in a couple of days. 

Apart from the possible systemic cause in this case, few cases are recorded 
in the literature in which blockage of the pupil by the gripping of the lens 
by the pupillary sphincter gave rise to glaucoma. The cases reported by 
Chandler (1951) and Hilding (1957) are the main examples. 
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Duke-Elder (1940) stated that a completely dislocated lens could caus: 
glaucoma by giving rise to a derangement and stasis of the circulation 
excited by neure-vascular reflexes set up by the mechanical irritation of the 
iris and ciliary body. 

The choice of medical treatment in cases of this type is helped by our 
experience. Diamox has not proved to be of great use in cases of secon- 
dary glaucoma with peripheral anterior synechiae, only slight or transient 
relief being described in the report by Grant and Trotter (1954). Like 
Hilding we tried a miotic without result, and, the subsequent use ° of mydriatics 
having achieved nothing, we had to resort to surgery. 

Duke-Elder (1940) suggested that miotics should be avoided, that they 
might precipitate an attack of glaucoma, and that a mydriatic could bring 
about a marked improvement, i.e. glaucoma inversum. A change in position 
and massage of the eye, as suggested by Bailliart (1922) and Saito (1934), 
might also help but in this case even the use of mydriatics failed to release 
the lens from the grasp of the sphincter. In the absence of a prompt response 
to medical treatment, it is obvious that the only effective treatment is to 
remove the lens as soon as possible, and Diamox may be useful as a pre- 
operative measure. We had to give Diamox orally by tube as no parenteral 
preparation was available to us at that time. As the child was semi-con- 
scious and often sick, very little of it must have been absorbed. 

Hilding (1957) was able to remove the lens in one of his cases with intra- 
capsular forceps, but had to use the vectis in the other case. With the initial 
vitreous loss and the position of the lens we used the loop without attempting 
to grip the lens with forceps. Spaeth (1948) suggested that the pupil should 
be fully contracted behind the lens before operation to prevent the lens 
falling backwards. This again was impossible here because of the position 
of the lens. Spaeth also advised against iridectomy, but with the initial iris 
prolapse this had to be done; Philps (1950) was in full agreement with wide 
iridectomies in such cases. 





Conclusion 


Secondary glaucoma was caused by a dislocated lens in the pupillary area 
in a child who had lost one eye after a similar previous upset. He was in the 
middle of a systemic hypertensive attack and after a short trial of medical 
therapy surgical operation was resorted to. The eye responded well and 
useful sight was preserved. Hilding (1957) wrote: “If confronted with 
another similar situation, the same dilemma would obtain .. . should the 
lens be removed or not”’. Seeing the favourable outcome in a case in which 
sO many operative complications could have arisen but did not, we offer 
our case for the perusal of those who may be confronted with a similar one 
in the future. 


We should like to thank Prof. F. M. B. Allen, Nuffield Professor of Child Health in the Queen’s 
University of Belfast, for permitting access to the patient’s medical records. 
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BOOK REVIEWS 


Blindness in West Africa. By F. C. RopGer, with a foreword by Sir Stewart Duke-Elder. 
1959. Pp. xiv and 262, 1 col. plate, 6 maps, 96 figs. Published for the Royal 
Commonwealth Society for the Blind by H. K. Lewis, London. (70s.). 

This interesting report is based upon a 100,000 mile survey of North Ghana, Nigeria, 
and the Cameroons undertaken by Dr. F. C. Rodger and his team during the 4-year 
period, 1952 to 1956. Among the 12 million people in the areas surveyed there would 
appear to be over 200,000 blind. The incidence of blindness varies in different areas, being 
highest in Northern Ghana (3 per cent.) and lowest in Northern Nigeria (0-8 per cent), 
whereas in the Cameroons it was 1 per cent. In certain areas, such as the Kamba Valley 
in Northern Ghana, the incidence of blindness was as high as 12-6 per cent. 

There are two main causes of this widespread blindness—onchocerciasis (or river 
blindness) and trachoma. The former is due to a parasitic worm of the filaria group 
known as Onchocerca volvulus, which is conveyed to man by flies of the genus Simulium 
(the black fly or buffalo gnat). These flies are about one quarter the size of house-flies 
and lay their eggs only in running water. 

Dr. Rodger gives a fascinating description of the areas surveyed and the people 
examined, and the text is illustrated by excellent photographs with explanatory captions. 

His account of the various eye diseases seen among the natives is of considerable value, 
but the main interest of this book is to be found in the chapters describing the clinical 
manifestations and pathogenesis of ocular onchocerciasis, and the density of human 
infection with the Onchocerca volvulus, including the incidence of infection with filarial 
worms of all types in the three areas surveyed. 

From the scientific point of view the information which Dr. Rodger has gleaned is of 
the greatest value, and if it encourages the authorities in these areas to combat these 
diseases it will greatly assist the relief of human suffering. 

Dr. Rodger and the publishers are to be congratulated upon a most attractive publication 
of special interest to ophthalmologists, physicians specializing in tropical diseases, 
epidemiologists, and all concerned with the prevention of blindness. 


Indian Yearbook of Ophthalmology. 4th Year, 1957-58. V. D. Sathaye (Editor). 
1959. Pp. 228, 3 figs. Poona. (Rs. 10.00). 

This yearbook follows its usual pattern, starting with abstracts from the main work 
done in ophthalmology throughout the world and continuing with two original articles 
on ‘* Macular Holes and their Treatment” and ‘‘ Enzymatic Zonulolysis”, both contributed 
by J. M. Pahwa. The volume concludes with a note-of Society Proceedings, Annual 
Reports of the eye hospitals of India, and a directory of eye specialists in India. 


Operative Surgery. Eye, Ear, Nose and Throat Neurosurgery. Edited by C. Ros and 
R. SmirH. 1959. Pp. 196. Butterworth, London. (£9). 

This volume is essentially an atlas of the surgery of the head and neck, including 
plastic surgery, neurosurgery, ophthalmic surgery, and surgery of the ear, nose, and 
throat. 

The section on eyes, covering the major procedures in ophthalmic surgery, consists of 
a series of illustrations with accompanying notes on technique and a brief discussion of 
indications for operation, post-operative care, and complications. The lavish illustrations 
give a very clear picture of the main steps in each procedure. 
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COMMUNICATIONS 


LARVAL GRANULOMATOSIS OF THE RETINA DUE TO 
. TOXOCARA 


BY 


NORMAN ASHTON 
Department of Pathology, Institute of Ophthalmology, University of London 


NEMATODES have so rarely been demonstrated in intra-ocular disease that 
they are seldom considered in differential diagnosis as agents of possible 
significance, and this is especially true in temperate climates where such 
cases as have been reported are regarded as ophthalmological curiosities. 
That this view should be revised was first suggested by the important observa- 
tions of Wilder (1950), who, in a histological study of pseudogliomata, found 
nematode larvae, or their residual hyaline capsules, in about half the cases, 
and in the remainder tissue-reactions characteristic of nematode endoph- 
thalmitis. Although Wilder’s material was selected by reason of its uniform 
clinical and pathological picture, the findings nevertheless justified her 
conclusions that nematodes probably played an important part in causing 
blindness in American children and that this possibility was being 
overlooked. 

The parasites had been identified as third-stage larvae of the hookworm 
and consequently the interest which Wilder’s report aroused in countries 
where ankylostomiasis is a rarity was largely academic, but about this time 
similar work was progressing in other fields. Beaver, Snyder, Carrera, Dent, 
and Lafferty (1952) were investigating three cases with eosinophilic granulo- 
matous lesions of the liver, and in a liver biopsy from one case they found a 
larval nematode of the genus Toxocara, the common ascarid of dogs and cats. 
Considerable attention then became focused on host-foreign nematodes as 
agents capable of producing human disease, and larvae of Toxocara, usually 
in the second stage, have since been demonstrated in man widely scattered 
throughout the viscera and central nervous system (Beautyman and Woolf, 
1951; Brill, Churg, and Beaver, 1953; Dent and Carrera, 1953; Dent, 
Nichols, Beaver, Carrera, and Staggers, 1956), while considerable experi- 
mental work has been done which is of great value in identifying the larvae in 
tissues (Smith and Beaver, 1953; Sprent, 1954; Schacher, 1957). Armed 
with this new knowledge, Nichols (1956a) re-examined five of the cases of 
nematode endophthalmitis from Wilder’s series and was able to identify the 
worms, with certainty in four of them, not as third-stage larvae of the hook- 


worm, but as second-stage larvae of Toxocara canis, thus showing for the 
9 129 
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first time that this animal nematode, common in dogs throughout the world, 
is capable of infecting the human eye. A further case of endophthalmitis in 
a child aged 44 years which was due to infestation with Toxocara canis, but 
was also diagnosed clinically as retinoblastoma, has recently been reported 
from California by Irvine and Irvine (1959). 

The purpose of the present paper is to show that this condition may 
occur as readily. in the United Kingdom as in the United States, for we are 
now able to report four cases of intra-ocular nematode infestation, wherein 
the larvae of Toxocara canis have actually been demonstrated. From this 
material it is also possible to describe a new clinico-pathological entity quite 
distinct from endophthalmitis, namely the formation of solitary localized 
tumours in the retina which may or may not be associated with any other 


significant intra-ocular abnormality. 


Case Reports 
Case 1, a girl aged 8 years, attended Moorfields Hospital under the care of Mr. Frederick 
Ridley in August, 1952, with a history of deterioration of vision over a period of 3 years 
and slight photopsia for one year. A macular mass had recently been noted in the right 
eye at the school clinic. There was a past history of ptosis at birth with gradual recovery, 
pneumonia at 4 years old, and tonsillectomy at 7 years old. 
Examination.—The visual acuity was 6/60 in the right eye and 6/5 (with +-0-75 D sph.) 


in the left. 
The right fundus showed a creamy-white, umbilicated tumour at the macula with some 


vitreous opacity and choroidal disturbance at 6 o’clock. The child was admitted for 
investigation and a fundus painting was made (Fig. 1, opposite). 

A chest x-ray, Wassermann reaction, Kahn test, and gonococcal complement-fixation 
test were all negative. A Mantoux test was negative up to 1/100. 

By September, 1952, the tumour had increased in size and was thought to be a retino- 
blastoma; staff opinion favoured excision and this was carried out in October, 1952. 


Pathology 
Macroscopical Examination.—The globe was opened horizontally. Situated at the 
macula there was a small, raised yellowish mass with a white centre; it was well-demarcated 
and completely localized. Except for delicate whitish scar tissue in the region of the 

ciliary body inferiorly, the rest of the eye appeared to be normal. 


Microscopical Examination.—The cornea, corneo-iridic angle, iris, ciliary body, and 
lens appeared normal. Anteriorly on the temporal side the retina showed advanced 
cystic degeneration extending from the equator to the ora serrata where the retina was 
dragged forward into a small fibrinoid deposit lying in the vitreous on the pars plana. 
Situated at the macula there was a well-defined mass of fibrous tissue extending inwards 
into the vitreous through the fovea centralis, and outwards to merge with Bruch’s mem- 
brane and the choroid (Fig. 3, overleaf). On either side the retina was folded and shallowly 
detached with a small sub-retinal exudate. Within the fibrous mass there was a focal 
and diffuse infiltration with chronic inflammatory cells, among which numerous eosino- 
phils could be seen. A similar but denser infiltration was present in the immediately 
adjacent choroid and the pigment epithelium had migrated into the fibrous mass. Apart 
from these changes the eye was histologically normal. 


When the above report was written it was considered that the fibrous mass at 


the macula was probably due to injury, especially in view of the fibrinous organiza- 
tion in the anterior vitreous which suggested old haemorrhage. However, no 
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Fic. 1.—Case 1, appearance of right fundus. 


Fic. 2.—Case 2, appearance of right fundus. 
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Fic. 3.—Case 1, section of right 
eye, showing a fibrous gran- 
uloma at the macula, and cystic 
degeneration of temporal retina 
anteriorly. Celloidin _ section. 
Haematoxylin and eosin x 3-75. 


history of injury was obtainable from the mother and no satisfactory diagnosis 
could be made. Seven years afterwards (in 1959) serial sections were cut from this 
eye for demonstration purposes.* In five of the sixty stained sections examined, 
fragments of a nematode larva, resembling that of the genus Toxocara, were found 
lying in the centre of the fibrous mass where there was fibrinoid necrosis but no 
giant-cell reaction (Figs 4, 5, 6, 7). 


Fic. 4.—Higher-power view of macular granuloma (seen in Fig. 3), showing 
at the centre fragments of a nematode larva (arrow). A dense inflammatory 
infiltration is present in the subjacent choroid. x21. 





* This was in response to an invitation to demonstrate a case to the American Ophthalmic ee — at which 
35 sections were required—one for each member. Preparation of these 35 slides hence this 


first case was discovered purely by chance. 
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Fig. -§.—Larval fragments FiG. 6,—Transverse section 
lying in an area of fibrinoid through larval fragment (Case 
necrosis in the centre of the 1) showing excretory columns, 
tumour shown in Fig. 4. No intestine, and lateral alae. 
giant cells were present. x 102. Compare Fig. 24(b). 


Fic. 7.—High-power view of Fig. 5, showing longitudinal 
section of larval fragment. x 660 


In view of these findings the patient was re-examined for any evidence of parasitic 
infection, although little was to be expected so long after enucleation. No 
eosinophilia or other evidence of parasitic infection could be found, and no history 
of old infection was obtained from the mother. The family had kept a dog when 
the child was 8 years old, which is about the time when the eye trouble first 
appeared; there was no known contact with cats. 

The five sections were submitted to Prof. J. J. C. Buckley, of the Department of 
Parasitology, London School of Hygiene and Tropical Medicine, who reported as 
follows: 


“The nematode larva in the macular mass is identifiable as that of Toxocara canis by 
means of the key and illustrations provided by Nichols (1956a). Lateral alae (single) are 
visible in both the transverse sections of the larva, and its diameter of 22-225 microns 1s 
the maximum for a second-stage larva of T. canis. One transverse section (Fig. 6) shows 
the intestine and excretory columns exactly as illustrated by Nichols (Fig. 24b).” 
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Case 2, a boy aged 16 years, attended the Bristol Eye Hospital under the care of Mr. P. 
Jardine in February, 1950, complaining of blurring of vision in the right eye since the 
previous December. One week before the onset of this symptom he had been punched on 
the nose during a boxing contest. 

Examination.—The visual acuity was 6/12 in the right eye and 6/5 in the left. 

The anterior segment of the right eye was normal and the media clear, but in the fundus 
just lateral to and slightly below the optic disc was a circular, greyish-white, raised area, 
approximately one disc diameter in size and bearing fine vessels on its surface. At its 
lower edge there was a small area of haemorrhage (Fig. 2, above, opp. p. 130). With a 
{0-mm. object at one metre, the visual field showed a defect continuous with the blind spot 
and corresponding in situation with the tumour. No arcuate scotoma was present. 

The left eye was normal in all respects. The Wassermann reaction and Kahn test were 
negative and a full blood count and the erythrocyte sedimentation rate were normal. 
X rays of the sku), orbits, optic foramina, and chest showed no abnormality. Lumbar 
puncture was not performed, but the visiting physician considered that there was no 
central nervous disease, 

The majority opinion of the staff at Bristol Eye Hospital was in favour of a retinal 
neoplasm, and early in March, 1950, the boy was referred to Moorfields, where the follow- 
ing Opinions were expressed: 

Organizing choroidal haemorrhage; inflammatory lesion; juvenile exudating macular degenera- 
tion (Junius); neoplasm. 

It was recommended that the case be watched carefully and that echinococcosis be 
excluded. The Casoni test was carried out and was negative. 

During the next 3 months the visual acuity gradually deteriorated to a bare 1/60 and 
the patient complained of increasing pain in and around the eye. The tumour was 
considered to be enlarging, and stippling and exudate appeared around the macula with 
retinal swelling between the tumour and the macula. Binocular examination of the 
fundus showed the tumour to be projecting well forward, being transparent and gelatinous 
in appearance superficially and opaque-white in its deeper part. Enucleation was per- 
formed in June, 1950. 


Pathology 
Macroscopical Examination.—The globe was opened horizontally to reveal a small, 


greyish-white, roughly circular mass about the size of the disc, projecting from the 
temporal border of the disc and extending towards the macula and slightly downwards. 


Microscopical Examination.—The cornea, anterior chamber, iris, lens, and ciliary 
body presented no abnormalities. Immediately adjacent to the temporal border of the 


disc there was a mass of fibrous tissue which was largely hyalinized and contained strands 
and clusters of chronic inflammatory cells, scattered pigment cells, and practically no vessels 


(Fig. 8, overleaf). This mass of tissue had developed between Bruch’s membrane and the 
tod and cone layer. The overlying retina was not invaded but simply pushed away from 
the pigment layer, and there were small quantities of subretinal exudate on both sides of 


the mass. The detachment extended to the nasal border of the macular region but not 
into the macula itself. In the adjacent retina, exudates were present in the outer plexiform 


layer, while the choroid beneath the mass showed a moderate degree of thickening from 
chronic inflammatory infiltration in which a few eosinophils were present. 


When the above report was written, this case was thought to be a minor form 
of Coats’s disease or possibly an example of juvenile disciform degeneration. In 
view of its similarity to Case 1, however, and because of the very definite history 
of injury, the lesion was later re-categorized as a traumatic proliferative chorio- 
retinopathy. The subsequent finding of a larva in Case 1 suggested that serial 
sections of this eye might be equally rewarding, and further sections were cut in 
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1959, 9 years after enucleation. In two of the 26 serial sections examined, fragments 
of a nematode larva were found; these were seen in both longitudinal and cross 
Section and were found 
lying in a small zone 
of necrotic eosinophilic 
fibrinoid material in 
the centre of the juxta- 
papillary tumour. No 
giant cells were present 
(Figs 9, 10, 11, and 12), 


Fic. 8.—Case 2, section of 
right eye, showing a fibrous 
granuloma immediately ad- 
jacent to the temporal border 
of the disc. Retinal detach- 
ment is due to artefact. 
Celloidin ‘section. Haema- 
toxylin and eosin. 3-75. 
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Fic. 9.—Higher-power view of granuloma (seen in Fig. 8), showing at the centre fragments of a nematode 
larva (arrow). A chronic inflammatory infiltration is present in the subjacent choroid. 20 


Fic. 10.—Transverse section of Fic. 11.—Longitudinal _ section Fic. 12.—High-power view of 
larva lying in necrotic fibrinoid of larval fragment (Case 2). transverse section of larv 
material (Case 2), 375 x 375. fragment seen in Fig. 10, show- 
ing similar structure to that in 
Fig. 6. Compare Fig. 24()). 
x 1185. 
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As a result of this finding Mr. Jardine kindly saw the patient again to inquire 
into any history of animal contact; although the patient had never had a dog of his 
own he had been in close contact with a neighbour’s dog. The blood count was 
not repeated since at the time of enucleation there was no eosinophilia, and, as 
already indicated, the general physical examination at that time was entirely 
negative. Apart from the eye, therefore, there was no clinical evidence of visceral 
larva migrans. 

For exact identification of the larva the sections were submitted, in the absence 
of Prof. Buckley, to Dr. J. N. Oldham, Reader in Veterinary Parasitology, 
University of London, who reported as follows: 


“In one slide there is a small portion, in longitudinal section, of a nematode, the 
diameter of which is 0:018 mm. The other slide shows three portions of the nematode, 
one portion in true cross-section, the second slightly oblique, and the third in more or 
less longitudinal section. Using the portion in true cross-section only, its diameter is 
0-022 mm. Sprent (1958) gives the diameter of second-stage larvae of Toxocara canis as 
varying from 0-018 to 0-024 mm. and the measurements I have made of the portions in 
the eye sections fall within this range.” 


Case 3, a boy aged 6 years, was first seen in 1953 as an infant by Mr. A. E. Wilson of 
Taunton for a right convergent strabismus. The case was subsequently treated in the 
usual orthodox way by means of glasses to correct the hypermetropia and astigmatism, 
intermittent occlusion, and surgery. He was operated on in 1955, 1956, and 1958. In 
August, 1958, the orthoptist reported that the child was fixing mainly with the right eye 
and that the visual acuity was 6/18 in the right eye and 6/12 in the left with the E test, but 
by December, 1958, the visual acuity in the right eye had dropped to 6/60, while that in 
the left had improved to 6/9. As there was no response to occlusion, the orthoptist 
referred the patient back in May, 1959. 


Examination.—The 
right eye had become 
about 24 dioptres more 
hypermetropic, while the 
left remained approxi- 
mately the same as pre- 
viously. Ophthalmo- 
scopic examination re- 
vealed a white mass to 
the temporal side of the 
right optic disc forming 
an obvious swelling ex- 
tending into the vitreous 
(Fig. 13). Mr. Wilson 
was confident that this 
lesion had not been pre- 
sent in August, 1958, and 
he referred the boy to 
Mr. C. I. Phillips of the 
Bristol Eye Hospital for a 
second opinion. There 
the erythrocyte sedimen- 
tation rate was normal, 
the Wassermann reac- 
tion, Kahn test, and Fic. 13.—Case 3, appearance of right fundus. 
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urine tests were negative, the toxoplasma dye test was negative at 1/16 and tie 
complement-fixation test negative at 1/4. 

As the lesion appeared to have increased in size the probability of retinoblastora 
seemed strong and enucleation was performed in June, 1959. 


Pathology 

Macroscopical Examination.—The globe was opened horizontally to reveal a small 

circular white area situated immediately above and lateral to the disc. Transverse sec- 
tions of the optic nerve showed no abnormality. 

Microscopical Examination—The main pathological change in this eye was to be 
seen in the papillo-macular region, where there was a thickened plaque of tissue extending 
from the temporal papillary margin for a distance of about 3 disc diameters. The plaque 
consisted of folded retinal tissue, which included the macula in its lateral half and the 
margin of the laterally-displaced disc in its medial half. Centrally there was a shallow 
concavity containing a mass of fibrous tissue infiltrated with plasma cells, lymphocytes, 
and a moderate number of eosinophils; there were also one or two foci of epithelioid 
cells and large foreign-body giant cells. The underlying choroid showed no inflammatory 
reaction and the vitreous only a small quantity of exudate (Figs 14, 15, and 16). 


et 





Fic. 14.—Case 3, section of right 
eye, showing a thickened plaque 
of tissue in the papillo-macular 
region distorting the optic nerve- 
head. Celloidin section. Hae- 
matoxylin and eosin. 3-75. 


Fic. 15.—Higher-power view of the lesion shown in Fig. 14. The plaque consists of folded retinal 
tissue forming a shallow concavity containing a mass of fibrous tissue. Arrow indicates the site 
of the nematode larval fragment. x 36. 
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Fic. 16.—Higher-power 
view of an area of the 
granuloma shown in Fig. 
15. There is a focus of 
epithelioid cells and 
— body giant cells. 
x . 


Apart from a mild inflammatory reaction in the sclera at the site of the old squint 
operations, the remainder of the eye showed no histological abnormality, but five 
of the eighty serial sections made through the affected area showed a longitudinal 
section of a fragment of a nematode larva lying, with a clearly defined capsule, in a 
tubular space at the centre of the main inflammatory focus (Fig. 17). 


Fic. 17.—High-power 
view of adjacent area to 
that seen in Fig. 16, 
showing longitudinal sec- 
tion of larval fragment 
lying in tubular space at 
site indicated in Fig. 15. 


x 


In view of these findings the patient was re-examined and further investigations 
carried out. The general practitioner reported that there had been no history of 
unexplained fever, jaundice, pulmonary symptoms, or malaise. The boy’s past 
illnesses were whooping cough and thrush, 1954, urticaria, 1955, sore throat, 1956, 
and measles and ? fungus infection of knee and elbow, 1958; 3 months after the 
enucleation he had developed a cervical adenitis apparently due to a nasopharyngeal 
infection, which recovered on sulphonamides. The family kept a cat and a bird, 
but no dog. A blood count carried out in August, 1959, showed a very slight 
eosinophilia: 

Haemoglobin 81 per cent. (11-8 g./100 ml.), W.B.C. 7,000 per c.mm., Neutrophils 46 
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per cent. (3,220 per c.mm.), Eosinophils 7 per cent. (490 per c.mm.), Lymphocytes 45 pez 
cent. (3,150 per cmm.), Monocytes 2 per cent. (140 per c.mm.). 


For identification of the larva the three slides were submitted to Dr. J. N. Oldham 
who reported as follows: 

“Each of the three slides shows a single portion of a nematode in partial longitudinal 
section. Where the body cuticle could be well identified, diameter measurements were 
made, and these varied from 0-018 to 0-024 mm. a range which coincides with that given 
by Sprent (1958) for Toxocara canis. If one relies on diameter measurements alone, this 
larva is more likely to be that of Toxocara canis than that of Toxocara cati.” 


Case 4, a boy aged 4 years, was first seen by the school oculist at the age of 3 years for 
a right squint which had appeared at the age of 18 months. A grey mass with circular 
haemorrhages was found at the posterior fundus and the boy was referred to Mr. W. O. G. 
Taylor of Kilmarnock for examination under anaesthetic. The findings were confirmed, 
and, as the tumour appeared to be growing out of the optic nerve head, it was thought to 
be a glioma of the nerve and the patient was sent to the neuro-surgical unit of the Killearn 
Hospital. Here the late Dr. John Fraser reported as follows: 

“This child has a squint of the right eye and on attempting to fix, the eye is rather 
elevated. The right eye is white, with a persistent pupillary membrane, a moderately 
dilated pupil, and clear media. At the nerve head and extending into the lower temporal 
region, there is an irregular mass of scar tissue; below this and adherent to it, there is a 
localized detachment of the retina and there is a haemorrhage above. The retinal vessels 
are irregular at the lower margin of the detached retina and are rather numerous in 
appearance. Above the disc and in the lower nasal quadrant near the disc, there are 
white exudates which appear to be more choroidal than retinal. There is no appreciable 
abnormality in the periphery of the fundus. 

The picture is not exactly that of a retinoblastoma with extension into the nerve head, 
and if one considers it to be a glioma of the nerve with extension into the eye, one would 
have expected to see some more proptosis and more engorgement of the retinal vessels 
with an appearance more of a choked disc than is actually present. The other eye 
appears healthy.” 


Dr. Fraser suggested that the case be further investigated and that yet further ophthal- 
mological opinion be obtained. X rays of the orbit were negative and in particular the 
optic foramina were normal in size. The Wassermann reaction was negative. A blood 
count showed R.B.C. 5,200,000 per c.mm., Haemoglobin 13-2 g. (Sahli), W.B.C. 10,800 
perc.mm. A differential count was not done. The erythrocyte sedimentation rate was 
somewhat raised, 18 mm./hr (Wintrobe). Toxoplasma tests on the sera of the child 
and his mother were negative. 

The child was then referred to Dr. John Marshall of Glasgow who reported as follows: 


‘This small child whom I saw this morning (December 5, 1955) for a second opinion 
has an appearance in the fundus which is suggestive of glioma exophytum near the optic 
nerve head. I think there is no doubt that the right treatment is to remove the eye. I 
am less sure about the necessity for a transfrontal section of the nerve, but I am sure that 
Dr. W. O. G. Taylor’s observation that the tumour is rapidly growing and the fact that 
the masses lie so near the nerve head make this a reasonable procedure; the eye has very 
poor vision and is likely to become blind in any case, so that no point would be served 
by attempting to retain it. I am sure that surgical intervention would increase the 
expectation of life in the event of this being a glioma.” 


Mr. J. Sloan Robertson, neurosurgeon, therefore decided to excise the optic nerve as 
far back as the chiasma, but at operation he found no suggestion of a tumour in the nerve 
and section of the nerve was normal. Dr. Fraser later enucleated the eye early in 1956, 
and a section was subsequently sent by Dr. John A. Milne, Area Pathologist of Ayrshire, 
to the Institute of Ophthalmology in June, 1956, for a second pathological opinion. 
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Section for Opinion.—The only significant abnormality to be found in this single 
section was to be seen in the posterior fundus on the temporal side, where there was a 
fibrous tumour embedded in the macula, the adjacent retina being shallowly detached, 
folded, and adherent to the lateral borders of the fibrous mass (Fig. 18). The tumour 
itself consisted of dense relatively acellular fibrous tissue containing only a few plasma 
cells, lymphocytes, one or two eosinophils, a number of capillaries, and scattered pigment. 
On its inner side it projected directly into the vitreous, which appeared normal in this 
section, and on one side was continuous with a fibrous layer on the surface of its retinal 
margin. Onits outer aspect the fibrous mass merged with proliferated pigment epithelium, 
but Bruch’s membrane was intact and there was only a very scanty round cell infiltration 
in the underlying choroid (Fig. 19). 


Fic. 18.—Case 4, initial section of right eye showing a fibrous granuloma at 
the macula. Larvae were not found in serial sections through this mass. 
Paraffin section. 3-75. 


Fic. 19.—Higher-power view of lesion shown in he 18. The retina is folded around 
the granuloma and there is only a mild chronic inflammatory infiltration in the sub- 
jacent choroid. x24. 
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The section did not include the disc or optic nerve, and at this time it was not 
possible to correlate the histological picture with the clinical description of 
tumour involving the optic nerve. The opinion given on this single section in 
1956 was that the localized fibrous tumour probably arose from injury, and it was 
somewhat doubtfully categorized as a traumatic proliferative chorio-retinopathy. 
A history of injury was in fact obtained, the boy having struck his right eye against 
a door at the age of 18 months, and having been knocked unconscious by a falling 
bottle at the age of 2 years. However, the finding of a larva in Case 1, which pre- 
sented a comparable histological picture, suggested a similar aetiology in this case, 
and the paraffin block containing the remainder of the eye was obtained in October, 
1959 (about 34 years after enucleation), through the kindness of Dr. Margaret 
Leslie, pathologist of the Killearn Hospital. Serial sections were made through 
this specimen and several new features were found. The fibrous tumour at 
the macula was seen to connect with a folded detachment of the retina (with 
subretinal exudate) which, together with the disc, was drawn towards the fibrous 
mass, thus explaining the clinical appearance of a lesion involving the optic nerve 
head (Fig. 20, opposite). 

Secondly, a small eosinophilic abscess, containing hyaline necrotic material and 
numerous foreign-body giant cells, was found inferiorly in the extreme periphery of 
the vitreous immediately adjacent to the ciliary body (Fig. 21, opposite). 

In the 186th and 187th sections the coiled longitudinal fragments of a nematode 
larva were found (Figs 22 and 23, overleaf). In none of the 320 sections examined 
was there any evidence of another larva in the eye, the macular mass being fibrous 
throughout. It would appear, therefore, that the macular region was the site of 
entry into the eye, where the larva must have lodged for some time before actively 
passing into the vitreous cavity to settle at the bottom of the anterior vitreous. 

In view of these findings further inquiries were made. Previous illnesses were 
mumps at 2 years, German measles at 44 years, frequent colds, and the injuries 
already described. There was no history of pulmonary or hepatic disturbances and 
the only family pet was a cat. A blood count showed no eosinophilia and no 
parasites were found in the faeces. 


For an expert opinion on the larva the two sections were submitted to Dr. J. N. 
Oldham, who reported as follows: 

“The two slides from Case 4 show a very definite nematode in longitudinal section. 
One shows the anterior part of the larva in two portions and is not so clear as the other 
in which the anterior portion of the larva is unbroken. It is possible in this second slide 
to get an accurate diameter measurement of 0:019 mm., which is within the width range 
of Toxocara canis second-stage larva as given by Sprent (1958). It is also possible to make 
out something of the oesophageal structure and I estimate that its length is about 0-10 or 
0-11 mm. The range given by Sprent for the oesophageal length of T. canis second-stage 


larva is 0-082-0-121 mm.” 

Discussion 
Visceral Larva Migrans.—Histological examination of the retinal tumours of 
these four cases has shown that each is a solitary granuloma resulting from 
roundworm infestation, and in every case the parasite has been identified as 


the second-stage larva of the genus Toxocara, probably that of the dog 
ascarid, Toxocara canis. Thus they are all examples of ocular involvement 
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Fic. 20.—Case 4, further sections of the right eye showing a folded retinal 
detachment overlying the displaced disc. Anteriorly, immediately adjacent 
to the ciliary body, there is a small eosinophilic abscess containing giant 
cells and the fragments of a nematode larva. Paraffin section. 3-75. 


Fia. 21 E Siladsde wipes view of scaitoubitic abscess seen in Fig. 20, showing jhe 
coiled fragment of a nematode larva (arrow). x56. 


in “visceral larva migrans” or “larval granulomatosis”, terms applied to 
the clinical syndrome of childhood, which results from the invasion of 
human tissues by larvae of nematodes normally parasitic in lower animals 
(Beaver and others, 1952; Karpinski, Everts-Suarez, and Sawitz, 1956; 
Platou and Beaver, 1957). 

At the present time the only parasites identified as causing this syndrome, 
which is characterized by marked and persistent eosinophilia, with con- 
stitutional symptoms, pneumonitis, and hepatomegaly, are the ascarids of 
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Fics 22 aNp 23.—Two longi- 
tudinal sections of the nema- 


tode larva. Some details of 


internal structure may be seen. 
x 235 


the dog and cat, namely Toxocara canis (Belascaris marginata) and cati 
(Belascaris mystax), (Swartzwelder, 1941; Beautyman and Woolf, 1951; 
Beaver and others, 1952; Mendheim, Scheid, and Schmidt, 1952; Brill and 
others, 1953; Milburn and Ernst, 1953). Of these, Toxocara canis is believed 
to be more important, for it is said to be not only the commoner parasite 
but also the only one to have been identified with certainty in the reported 
cases; moreover, the typical syndrome has been reproduced in human 
volunteers by administering the larvae (Smith and Beaver, 1953). Recent 
investigations further suggest that larvae of these nematodes may be respon- 
sible for tropical eosinophilia (Gault and Webb, 1957). 


Toxocara canis is the commonest cosmopolitan intestinal parasite of dogs, 
particularly of puppies, as indicated by some of the figures in the literature: 
21 per cent. of 1,465 dogs in Indiana, U.S.A. (Ehrenford, 1957), 20 per cent. 
of dogs in Boston, U.S.A. (Heiner and Kevy, 1956), 13-5 per cent. of dogs 
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in Marseilles (Solomon, 1933), 76:5 per cent. of 81 puppies in the Philippines 
(Yutuc, 1954), 21-8 per cent. of 174 dogs, with a maximum incidence in 
puppies up to one year old, in Melbourne, Australia (Pullar, 1946), and 
82°87 per cent. of 100 dogs in Calcutta (Maplestone and Bhaduri, 1940). 
The only figures available for the United Kingdom are those of Lewis (1927), 
who found Toxocara canis in 16-3 per cent. of dogs and Toxocara cati in 
61-8 per cent. of cats examined in Aberystwyth, Wales, of Nuttall and 
Strickland (1908), who found Toxocara in 70°8 per cent. of dogs in Cambridge, 
and of Brown and Stammers (1922), who demonstrated the ova of these 
helminths in 3 per cent. of faecal deposits in London streets. 

Both species of Toxocara resemble other members of the family Ascarididae 
and, in their normal host, follow a life cycle paralleling that of their human 
counterpart, Ascaris lumbricoides ; they are, however, much smaller, being 
only 3 inches long in their adult form. In man the parasite is unable 
to complete its life cycle, and it rarely, if ever, reaches the egg-laying stage 
in the human intestine (Dent and others, 1956); but once the ova of Toxocara 
have been swallowed, usually by children of dirt-eating age, they are capable 
of hatching out in the stomach and intestines, whence the larvae migrate 
through the intestinal wall into the blood and lymphatics to become widely 
disseminated throughout the body. This prolonged migration is responsible 
for the chronic eosinophilia, while the widespread visceral invasion, particu- 
larly of liver and lung, results in minute multiple granulomata. Access to 
the eye may be gained either via the ciliary vessels to the choroid or via the 
central retinal vessels to the retina and vitreous, both types of lesion having 
been observed. According to Sprent (1954), the larvae of Toxocara canis 
are particularly active borers. 


Ocular Involvement.—The eyes examined by Wilder (1950) were from 46 
patients originally diagnosed pathologically as cases of pseudoglioma, 
Coats’s disease, or endophthalmitis; with few exceptions the patients were 
children of school or pre-school age, and in most cases the eyes had been 
enucleated for a suspected retinoblastoma. In serial sections from 24 of 
these specimens, she found evidence of nematode larvae, and in the remaining 
22 she considered the intra-ocular reaction sufficiently characteristic to make 
a tentative diagnosis of nematode endophthalmitis. As already recounted, 
Nichols (1956a) then identified the larval fragments in four of these cases 
as Toxocara canis, which, together with the case of Irvine and Irvine (1959) 
and the four cases reported here, makes nine definitely established cases due 
to Toxocara reported in the literature so far. It would thus seem probable 
that the nematodes contained in Wilder’s twenty remaining eyes were of the 
same nature. To Wilder’s group of 22 cases believed to be due to nematode 
larvae because of the characteristic histological picture, we could add 
several current examples from our own material, and we share with her the 
impression that this disease will prove more common than is at present 
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supposed. Nevertheless, it may now be wiser to confine any further repoiis 
to cases where the nematode larvae have actually been demonstrated, other- 
wise there would seem to be a danger of exaggerating the problem, or of 
side-tracking other important aetiological factors into wrong categories. 


It is interesting that the four cases reported here are not only unique in 
being the first to be reported in Great Britain, but are also exceptional in the 
type of lesion presenting. In Cases 1, 2, and 3, there was an isolated retinal 
tumour with no other ocular change, apart from vitreous exudate and a 
subjacent choroidal reaction. In only one of Wilder’s cases was the lesion 
comparable to this,* most of the reactions being much more severe, present- 
ing a picture of external exudative or haemorrhagic retinitis, with retinal 
detachment and abscess formation. Similarly, in the case of Irvine and 
Irvine (1959), the nematode larva was found in an eosinophilic abscess at the 
ora serrata and the retina was detached. 


Although it is important from the clinical and pathological points of view 
to know that migrating larvae can give rise to solitary retinal tumours with 
little evidence of inflammation, this type of lesion is, of course, no more 
than a variety of nematode endophthalmitis, the differing picture depending 
upon the site of lodgement of the larva, the severity of the individual reaction, 
and the stage at which the eye is examined. Thus, a combination of reac- 
tions is shown in our Case 4, wherein the nematode, in entering the eye, gave 
rise to a retinal granuloma, but subsequently passed into the vitreous cavity 
to produce an eosinophilic abscess in the anterior vitreous, as in the case of 
Irvine and Irvine (1959). 


Histological Diagnosis.—This can be made with certainty only when the 
larvae have been demonstrated (even capsular fragments may be simulated 
by exudate or other hyaline material), and this usually entails a prolonged 
search through many serial sections, often running into hundreds. The 
possibility of their’ presence will have been suggested by the unexplained 
granulomatous reaction in the eye of a young person, by the eosinophilic 
infiltration or eosinophilic abscesses, by the presence of foreign-body giant 
cells or hyaline capsular fragments of the appropriate size, and by fibrinoid 
necrosis in the immediate vicinity of the larva. The capsular fragments 
show up particularly well in slides stained with the periodic-acid-Schiff 
method. Curiously, the right eye was affected in all our cases. 


The identification of Toxocara larvae and their differentiation from those 
of other nematodes is based on the relative diameters of the body, the presence 
or absence of lateral alae and posterior excretory columns, and the type of 
intestine. Diagnosis can generally be made on the basis of one transverse 
section at the mid-gut level, where the significant features are single lateral 





* As seen in Wilder (1950). Trans. Amer. Acad. Ophthal. Otolaryng., 55, 99, Fig. 14. 
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alae formed by sharp foldings of the cuticle in the lateral line, and an intes- 
tine, without lumen, compressed by two large prominent posterior excretory 
columns which are eosinophilic and non-nucleated (Fig. 24a,b). The larva 
of T. canis can be distinguished from T. cati only by its slightly greater dia- 
meter. For further details the reader is referred to the excellent studies of 


Sprent (1954, 1955, 1958), Nichols (1956a,b), Dent and others (1956), and 
Schacher (1957). 


Fic. 24 (a).—Lateral view of second-stage larva of Toxocara canis. 
PC, procorpus; NR, nerve ring; OB, oesophageal bulb; EC, excretory column; Int, intestine; 


Fic. 24 (6).—Transverse section at mid-gut 
level of second-stage larva of Toxocara 
canis. 

AL, lateral alae; EC, excretory column; 
Int, intestine. 
(After R. L. Nichols (1956a). J. Parasitol., 42, 


359, plate 1, by courtesy of the editors and 
publishers). 


It is probable that the larvae are least likely to be found in lesions where 
the inflammatory reaction is acute, since they may be destroyed by digestive 
ferments, and are most likely to be discovered in cases where they have 
become encapsulated. It is remarkable that the larvae have been known to 
survive encapsulation in the tissues for at least 2 years, this type of tissue_ 
reaction serving rather to protect than to destroy them (Beaver, 1957); but 
sooner or later they die and the lesions may heal by fibrosis. The possibility 

10 
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that this fortunate termination may occur in the eye emphasizes the need 
for differentiating the lesion from a neoplasm. 


Clinical Diagnosis.—This is, unfortunately, extremely difficult because a 
history of dirt-eating, or of contact with dogs, or of fever and general debility 
in childhood are barely sufficiently distinctive; stool examinations are un- 
helpful, since the life-cycle of the worm is not completed; skin tests and 
serological tests with specific antigens are not yet reliable (Heiner and Kevy, 
1956; Fellers, 1953); and x-ray examination has not proved of value (Dent 
and others, 1956). 

In investigation, the eosinophil count is the most valuable guide and should 
be carried out in every case of endophthalmitis or suspected case of neoplasm 
or Coats’s disease in childhood, because a definite eosinophilia, together with 
fever, debility, and pulmonary or hepatic involvement, is highly suggestive 
of visceral larva migrans. Yet the degree of eosinophilia, like the severity 
of the clinical symptoms, is apparently proportionate to the severity of the 
infestation (Smith and Beaver, 1953), so that a relatively isolated intra-ocular 
lesion may be unaccompanied by any blood changes, or indeed by any other 
signs or symptoms. In more severe infestation the eosinophilia may be 
pronounced (between 40 and 60 per cent. of the total white count) and may 
persist for several months at least—as has been reported in a patient (Dent 
and others, 1956) and in a human volunteer (Chaudhuri and Saha, 1959). 

As will be seen in the four cases here described, there would have been 
very little to suggest a parasitic infection. Only a slight eosinophilia (7 per 
cent. ; 490 per c.mm.) was found in Case 3 and none in Case 2 (in Cases 1 and 
4 a differential blood count was not carried out at the time of enucleation), 
and all four patients were apparently healthy with no history of unexplained 
pyrexia. In Case 1 the history of pneumonia 4 years before enucleation 
may be significant. Similarly, in the case reported by Irvine and Irvine 
(1959), there was only a very slight eosinophilia (6 per cent.; 354 per c.mm.) 
and ‘‘a system review was non-contributory”. 

The incidence of visceral larva migrans in Great Britain is completely 
unknown, but, unless it can be shown that the Toxocara larvae have a pre- 
dilection for the eye, as they apparently have for the mouse brain (Smith 
and Beaver, 1953; Sprent, 1955), it must certainly be commoner than these 
four isolated cases would suggest. Nor can its aetiological importance in 
endophthalmitis as yet be assessed; this will involve a laborious examination 
of serial sections of all the obscure pseudo-tumours in our collection and of 
cases coming to the department in future. Meanwhile it is hoped that this 
report will emphasize the need for further research into the role of host- 
foreign parasites in ocular disease, and will at the same time underline the 
potential danger—albeit remote—of household pets to children. Moreover, 
this risk of intimate contact with cats and dogs applies not only to Toxocara, 
but also to other intestinal parasites of world-wide distribution, such as 
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Ancylostoma caninum, a common hookworm of dogs and cats, which may be 
another cause of visceral larva migrans (Nichols, 1956b), and Dipylidium 
caninum, the common tapeworm of cats and dogs, which has occasionally 
been found in man—particularly children, and to the well-known Echino- 
coccus granulosum. It has even been suggested that young dogs and cats 
in close contact with children should be ‘“‘dewormed” at regular intervals 
up to 2 years of age, whereafter Toxocara infection is infrequent in these 
animals (Smith and Beaver, 1953). Indeed prevention is the only line of 
attack, for there is at present no drug known to be effective against the 
migrating larvae of Toxocara. 


Summary 
(1) Four cases of retinal granuloma due to Toxocara canis—the common 
nematode of the dog—are described. Ocular disease due to host-foreign 
parasites has not previously been reported in Great Britain, although several 
cases have been described in America. 


(2) These are examples of ocular involvement in “visceral larva migrans”’, 
a term applied to the clinical syndrome of childhood, which results from the 
invasion of human tissues by larvae of nematodes normally parasitic in lower 
animals. The only parasites so far identified as causing this syndrome are 
the ascarids of the dog and cat, Toxocara canis and T. cati. 


(3) Every case presented with a solitary retinal tumour, a type of lesion 
not previously recognized, and since a retinal neoplasm is so closely mimicked 
this would appear to be a clinico-pathological entity of importance. 


(4) The incidence of visceral larva migrans in Great Britain is completely 
unknown but, in the absence of any evidence that the larvae have a predilec- 
tion for the eye, it is presumably more common than these four isolated cases 
would suggest. 


(5) In clinical diagnosis there is no ikvestigation of certain value, but an 
eosinophil count may be helpful, and should be carried out in every case of 
endophthalmitis, or suspected case of neoplasm, or of Coats’s disease in 
childhood, in all of which migrating larvae should be considered as a possible 
cause. 


(6) For histological diagnosis, any eye of a young person showing an 
unexplained granulomatous reaction, particularly with an eosinophilic 
component, should be examined in serial section. 


(7) There is no drug known to be effective against the migrating larvae of 
Toxocara and prevention is at present the only line of attack; it should there- 
fore be remembered that there is a potential danger to children in close contact 
with household pets. 
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For kindly providing the case histories and for giving me permission to publish them, and for 
so readily obtaining follow-up information, I am considerably indebted to the numerous cliniciatis 
and pathologists individually mentioned in the case reports. It is a pleasure to acknowledge 
the expert assistance of Professor J. J. C. Buckley and Dr. J. N. Oldham in identifying the parasites, 
and I should also like to thank Messrs G. E. Knight, V. J. Elwood, A. McNeil and P. Aldred for 
technical assistance, Miss E. FitzGerald for secretarial help, and the Medical Illustration Depart- 
ment of the Institute of Ophthalmology, for some of the illustrations. 
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IMPRESSION TONOMETRY AND THE EFFECT OF EYE 
VOLUME VARIATION* 
BY 
CALBERT I. PHILLIPST 
Department of Ophthalmology, University of Bristol, and Bristol Eye Hospital 
AND 
MICHAEL C. QUICK 


Department of Civil Engineering, University of Bristol 


It is generally accepted that the amount by which an eye can be indented by 
a given tonometric load will depend on the initial internal pressure and the 
elastic properties of the cornea and sclera. This paper sets out to show that 
the amount of indentation will also depend on the initial volume of the eye. 
In its simplest form, the hypothesis states that, if there are two eyes of differing 
initial volumes but with equal internal pressures, then for a given tonometric 
load, the larger eye will be more indentable than the smaller eye. 

The present experimental and theoretical work proves this hypothesis 
for hollow rubber spheres and evaluates the quantitative effect of a given 
variation in volume on the indentation produced. In the later sections of 
this paper it is shown how this hypothesis can explain certain anomalies 
which arise in clinical measurements made by impression tonometers; the 
relative merits of impression and applanation tonometry are considered. 


I. ASSUMPTIONS AND SIMPLIFICATIONS 


The eye was considered to be a thin-walled elastic envelope enclosing an 
incompressible fluid. The shape of eyes varies, some being almost spherical, 
some more like ellipsoids, and some irregular because of ectatic areas. It 
has been argued that a given increase in volume can be accommodated by 
the elongated eye becoming more spherical (for example, Koster, 1895; 
some discrepancies were found, however, between measurements in vivo and 
on the enucleated eye). That this is probably incorrect can be appreciated 
by anyone who has blown up a toy balloon, particularly of the “‘sausage” 
variety; there is no tendency for it to become spherical when the internal 
volume is increased, but only to enlarge in a geometrically similar pattern. 
It has therefore been considered justifiable to carry out experiments on hollow 
spheres and then to apply the results obtained to eyes which may or may not 
be spherical. The experimental work has, accordingly, been done on two 
sizes of thin-walled rubber balls. 

Because little information is available on the support received by the 
eye from its surrounding tissue, no account had been taken of it in this 
investigation. However, if the supporting tissue behaved elastically, the 
results of the investigation would not be affected; but, if the orbital tissue 
were abnormally hard, or if the eye were almost in contact with its bony 
socket, the eye would no longer behave in the assumed fashion. 





* Received for publication March 2, 1 
t In receipt of a Research Grant de ie Medical Research Council. 
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II. ELASTICITY MEASUREMENTS FOR SCLERA AND RUBBER 


To obtain valid results when experimenting on a model, it is necessary 
to select a material with elastic properties similar to those of sclera. Measure- 
ments of stress and strain were accordingly made on strips of sclera and on 
strips of rubber to determine whether their behaviour was sufficiently alike. . 

Throughout the stress range required for the tests, the sclera and the rubber 
chosen behaved elastically and the values of Young’s modulus for the two 
materials were very nearly equal. The results are given in Fig. 1. It was not 
possible to measure Poisson’s ratio for sclera and the two Poisson’s ratios 
were assumed to be of the same order; any difference can hardly be sufficient 
to introduce an important error. 


2 
cm. 


Fic. 1.—Stress-strain curves for 
rubber and human sclera. 


Young’s modulus (E) = Bess 


E (rubber) = 83,000 g. per cm.2 
E (sclera) =70,000 g. per cm.2 


STRESS (f) g. wt/ 








0.01 0.02 


STRAIN (e= 5) 


For measurements on both rubber and sclera, a parallel-sided test piece 
was clamped at each end and loaded axially. The strains produced were 
measured with travelling microscopes by the observation of marks which 
were a known axial distance apart. Thus any errors arising from slipping 
in the clamps or any other part of the apparatus were eliminated. 


III. TESTS ON RUBBER MODEL EYES 


As the rubber had been shown to be a suitable material for the models, 
two hollow rubber spheres were obtained with the following dimensions: 
(1) Outside diameter 17:15 cm. Wall thickness 0-269 cm. 
(2) Outside diameter 6-04 cm. Wall thickness 0-346 cm. 


The results of a series of tests are described in the following sections. 


(a) Pressure-Volume Relationships.—Consider a thin-walled hollow sphere under 
internal pressure p which undergoes an increase of pressure 5p. Let the mean 
radius of the sphere be r and the wall thickness ¢. In Fig. 2A (opposite) a sphere is 
shown cut in half. It is in equilibrium under the action of the skin tension f acting 
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Fic. 2(A).—A hollow sphere cut in half to 
show equilibrium between skin tension (f) 
and internal pressure (p) acting over the 
/ cross-sectional area zr2. 
Uniform pressure P 
over circular area 


$f --direction | 


Sf 


Fic. 2(B).—A small “square” of the surface i 
of the sphere to show directions of incre- S, 
ments of stress (Sf). %, 
2 
? 


2 


as shown by arrows, and the internal pressure p acting over the cross-sectional 


area mr2, 
i.e. p.ur2=2nr .t.f. 


Differentiating, 
ar? .dp=2ar .t. 5f. 


In this expression df is the increase in skin tension due to an increase of internal 
pressure dp. 
r 
"ys if=7° 6p fa cla ies stra le deeticeere ne 
The surface of the sphere is under uniform stress fin all directions. Therefore, 


if we consider a small piece of the surface as shown in Fig. 2B, the strain in 
Direction 1 due to stress Sf in this direction is e,, 


where e; 2 ’ 


Stress 

Strain 

Also, the strain in Direction 1 due to the stress 6f in Direction 2 is e, 
1 


where ene. a 


from the effect of Poisson’s ratio, i.e. because of tension in Direction 2 there is a 
contraction in Direction 1. 


from the relationship that = Young’s modulus (£). 
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The resultant strain in Direction 1 is e; +e2, and is denoted by e: 

ee Pe 

= aa tee wen, a ge 

€=e; +e? E 5) (2) 


By substitution for f from Equation (1): 


GS Sd PPS 
eee (Ia) @ 


Now, e is the strain around the circumference. But the circumference equals 
2nmr. Therefore e is also the radial strain. 


The initial volume at the original pressure p, is ; ar} (=V,), and the final 


volume at pressure p is: 
3 


tn. [rao 
4 


Volume change winks. a r3 {a +e)3 — | 


=V, [1 +3e + 3e2+e3-1] 
=V, [3e -— 3e2 +e]. 
Because ¢ is small, e? and e> are negligible compared with e, 
8V=V, .3e 


x- 3e = Volumetric strain. 
o 
By substitution from Equation (3): 
gli-s) 
sV=5 3 (1-— 
where V,=original volume. E=Young’s modulus. 
r=mean radius, b manne vail 
t=wall thickness. m_ o1sson $ ratio. 
(See, for example, Morley, 1928, where this relationship is derived). 
Corresponding dimensions and properties of two spheres of different sizes 
are to be denoted by the suffixes | and 2. From Equation (I), the following 
ratio is derived: 


Te ST Se aa (il) 


OV, V2 th v2 Pr 
(The terms involving E and m and the constant cancel out). 

To confirm that this theory was applicable to the spheres used, experiments 
were carried out to measure the volume change with pressure change. 

The apparatus (Fig. 3, opposite) consists of a manometer, made of a burette, 
connected by thick rubber pressure-tubing to the sphere under test. In this experi- 
ment, the indentation rod was not used. The position of the water meniscus in 
the burette indicated the initial volume and also the mean head of pressure (measured 
from the centre of the sphere): A change in pressure could be caused by raising 
or lowering the burette, and this was accompanied by a change in volume so that 
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volume—pressure studies. A 
burette is connected to the 
sphere under test by thick 
rubber pressure-tubing; the 
system is filled entirely with 
water. Pressure changes are 
measured from the metre- 
rule attached to the back- 
board and volume changes 
from the markings on the 
burette. The indentation 
rod, with platform for 
weights, slides freely in the 


mounting block. 


the pressure-volume relationship for the sphere was 
obtained. That the connecting tube did not contribute 
to this change in volume was checked by sealing the 
“‘sphere”’ end of the rubber tube and then raising the 
burette to apply a pressure difference of about 
150 cm.; the change in volume of the connecting tube 
was negligible. 

The experimental values obtained for the change 
in volume with change in pressure are given in Fig. 4. 
Also, it is shown that these results agree with Equation 

II, so that the theory is 

100) applicable to the rubber 
spheres used, and is also, 

ie by analogy, applicable to 


Small Ball eyes. 


© Points with no indentation 
@ Points by indentation 
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Fic.4.—Pressure changes plotted against volume changes 
for both large and small balls. 


“s (large ball) =1-050 ml./cm. 


$2 (small ball) =0-0119 ml,/em. 
2 
aw 
Theoretically, from Equation II (by writing Vj =4/3 7 r\3 and 


61/51 nit te 
V.=4/32r23): 3V2/8p2 =a . ra 
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(b) Pressure-Volume Relationship by Indentation —When the volume change is 
produced by local indentation of the spherical surface, the conditions are no longer 
exactly those assumed in the previous theory. But it is considered that, provided 
the indentation is small compared with the size of the sphere, the same pressure— 
volume relationship will be very nearly correct. Experiments were made to check 
this assumption with the apparatus shown in Fig. 3. Indentations were produced 
either by adding weights to the model tonometer (see Fig. 3) or by forcing down a 
similar rod with a micrometer screw and measuring the indentation produced. 
After an increment of indentation the pressure was readjusted to its original 
value and the volume change was obtained from the difference of burette readings. 
Thus the volume change was measured at constant pressure, but the error involved 
is small if the increments of indentation are small. Then the original internal 
volume of liquid in the sphere was restored by a change in the manometer pressure 
until the burette volume reading had returned to its original position. This gave 
a measure of 85V and Sp. 


The results are shown in Fig. 4, and it was established that: 
dp=k . dV, 
and also that: 


(c) Indentation-Volume Relationships.—From the experiments described in 
(b), corresponding values of indentation (/) and volume change (5V) had been 


obtained. When these values were plotted against each other, a non-linear 
relationship was seen to exist. To discover whether a constant power relation- 
ship existed, values of log J were plotted against log 5V, and Fig. 5 was obtained. 


(LOG SCALE) 


INDENTATION 





1°) 
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Fic. 5.—Indentation (J) plotted against volume change (8V), on logarithmic scales. 
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It can be seen that a linear logarithmic relationship exists which will be of 


the form: 
log J=n log 6V + log k, 
giving T=k (Vv). 


The values obtained for k and n for the two spheres gave: 


I, =0°212 (8V;)-® for the large sphere. 
=0-77 (6V2)°-78 for the small sphere. 


Dividing these two equations, 


I; Me 1 (8V;,)9-65 : 
I, 3-63 (6V2)9-78 


Now, the value a" for each sphere is the ratio of radius to thickness. 


ri/ti . 


Therefore, the ratio —— 
Pa/ty 2 


is the scale effect between the two spheres used. 


By calculation, a: - is found to be 3-65, which is not far from the value of 
1 i 


3-63 in the relationship just obtained; accordingly, as a first approximation, we 
may write: 


ty te GY)’ . 


The scale effect between two eyes of differing volumes will be much less than 
the exaggerated scale effect used in these tests. Therefore, it seems reasonable 
to suppose that the index ~ of 5V would not vary much from one eye to another. 
Also the r/t ratio for an eye is intermediate between the value of r/t for the large 
and small spheres used in these tests. Hence it is proposed to approximate 0-65 
and 0-78 to a value of 0-7 giving 

te t he r2 2 y) iy 


hh al 5V2 a (3) 


(Probably the values 0-65 and 0-78 would have been more nearly equal if the r/t 
ratio for each sphere hac been the same). 

Before this result is applied to eyes, it is proposed to write t,’, fz’, ry’, 72’, to 
represent the radii and thicknesses of the indented portion of the eye, namely that 
of the cornea. 

ae ty’ Tr’ 8V; 0.7 
L ae ty’ 8V, : (3A) 
From Equation II, 


qr u(F rt tea) 


ry \V2 12 ty dp. 


The quantitative effect that differences in eye volume will have on the indenta- 
tions produced by a given load may now be examined. Although the dimensions 
of the average eyeball approximate to those of a sphere (Duke-Elder, 1932), it 
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is generally accepted that the larger the eyeball the more ellipsoid, with or without 
ectatic area, it becomes (Duke-Elder, 1949a, b). 

Suppose two eyeballs have the same initial pressure; let one eye be emmetropic 
with an “‘average’’ axial length and one myopic with an abnormally great axial 
length. Assume the emmetropic eye to be approximately spherical and of mean 
radius r;=12 mm. and the myopic eye to be a prolate spheroid with its major 
axis a=16 (see Sorsby, Benjamin, Davey, Sheridan, and Tanner, 1957), and its 
minor axis b=13. By “‘equivalent volumes’”’, its mean radius, r, = 13-9414 mm. 

Also take t;=f,. It is assumed that the anterior portions of the eyes are 
nearly identical so that r;’=r,' and ft,’ =f’. 

4 0.7 
7vr te r Sp 
1,1 Pre tee) 


Ae 
ab2 r2 dp2 


_|3 
ie . 


The relationship between 5p,, and Sp, is now required, and this is given by the 
condition of equilibrium between the tonometer load and the internal pressure. 
As a first approximation we may write: 
; W= (Po + dp)A ’ 
where W =tonometric load 
P, = initial internal pressure 
5p =rise in pressure due to tonometer 
A =effective area of contact; this area is greater than the area of the plunger 
end because the rigidity of the wall of the ball (or eye) spreads the load 
to some extent. Some preliminary work on tonography has shown 
that as the indentation deepens slightly the effective area of contact 
also increases, but only by a small amount which has been ignored in 
this first approximation. 


Then, for two eyes in which p, is the same, and A the “‘ plunger area”’ is approxi- 
mately the same, 
8p1=8p2. 
ror i. 


Continuing with Equation (5), = 3: ar 
2 2 I 


Substituting the appropriate values for r,, r2, a, and b, 

hin 
I 2 1 53 
I,=1:531,. 

For an average emmetropic eye, let indentation 7=5-75 units with the 7°5 g. 
weight. On the other hand, the myopic eye, with dimensions assumed and with 
the same initial internal pressure, would be expected to give indentation, J,, where 

I, =1-53 x 5-75 =8°8 units. 
Observations by Goldmann and Schmidt (1957) indicated J,=8-0, 8-75, or 


9-5 for eyes with refractions of —-20 D sph.; their axial lengths would be approxi- 
mately 32 mm. (see Sorsby and others, 1957), as assumed for purposes of the 
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above calculation. Goldmann and Schmidt’s result, explained by low scleral 
rigidity, gives a very similar answer to the above which has been theoretically 
derived and has allowed only for differences in intra-ocular volume. In our 
calculations no account has been taken of variations in thickness of the corneo- 
scleral envelope or in elasticity of sclera.* The analysis, with its admitted approxi- 
mations and assumptions, will slightly over-estimate the value of J, because as 
indentation increases so the resistance of the wall of the eye will become more 
significant. 


CLINICAL APPLICATIONS 


It is now proposed to discuss the possible ophthalmic applications of 
these physical principles and to show that the inferences drawn are consistent 
with clinical experience. Mention will be made in the appropriate sections 
of factors in the biological system of the eye which may affect the conclusions. 

In a series of eyes of different volumes but with the same intra-ocular 
pressure, it would be expected that the larger the eye the lower will appear 
to be the intra-ocular pressure, if it be measured by impression tonometry. 
Even a pathologically high intra-ocular pressure in a given eye could appear 
to be within normal limits if the impression tonometer used had been cali- 
brated on a smaller eye. Similar considerations, mutatis mutandis, will 
apply to small eyes. Digital tonometry will suffer from the same defect 
since it is a form of impression tonometry. 


Tonometer Calibration 


More consistent results in the calibration of impression tonometers were 
obtained on enucleated eyes by open-stopcock than by closed-stopcock meth- 
ods (see discussion of Schidtz’s original observations 1905, 1909, and 1911, by 
Friedenwald, 1954; the latter concludes that variations in scleral rigidity are 
responsible.) The discrepancy is explicable however, to some extent at 
least, by the fact that the relatively small variations in volume of tested 
eyeballs are “swamped” in open-stopcock conditions by the large amount 
of fluid in the system outside these eyeballs, unlike the situation when the 
stopcock is closed. 


Scleral Rigidity 


The elasticity of sclera has been investigated by several workers (Weber, 
1877; Koster, 1895; Greeves, 1913; Ridley, 1930; Clark, 1932; Friedenwald, 
1937; Perkins and Gloster, 1957a, b; and Gloster, Perkins, and Pommier, 





* The formula for coefficient of scleral rigidity is unsound because it omits Vo the original volume, and would 
be better replaced by Young’s modulus and Poisson’s ratio (or by a bulk modulus, as implied by Clark, 1932). 
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1957). Some, at least, of the variation attributed to the elasticity of scle:a 
is likely to have arisen from the statement by Friedenwald (1937): “ We can 
assume V (volume of eye) to be roughly constant”. Data recorded by 
Sorsby and others (1957) suggest that this assumption is unwarranted, so that 
variations in volume must replace some of those attributed to scleral rigidity. 
Clark (1932), however, mentions the importance of volume—‘“the value 


for & would differ from animal to animal owing to differences in eye volume 


even if the elasticity were the same”—but does not apply the principle to 
tonometry or the problems of glaucoma. Schidtz (1911) stated that the 
relationship he found between quantity of fluid injected and increase in 
pressure did not agree with that of Schultén (1884); this disagreement he 
attributed to the difference in volume of rabbit and human eyes. 
Goldmann (1957a) found a higher scleral rigidity in one —25 D eye than in 
another of only —20 D. Two explanations not involving scleral rigidity 
seem possible: the sclera of the —25 D eye may have received support from 
the walls of its bony orbit; the better explanation is that the more myopic 
eye had a shorter axial length and a smaller volume than the — 20 D eye. 


Low-Tension Glaucoma 


So-called /ow-tension glaucoma tends to occur in myopic eyes (Duke- 
Elder, 1949a, b, c); in them, the myopia is presumably axial and therefore, 
almost certainly, the eyeball has a larger than “normal” volume, so that an 
impression tonometer would be expected to give an erroneously low reading. 
The situation may be further complicated by the presence of a flat cornea 
in axial myopia. The tension of myopic eyes has been shown by applanation 
tonometry (Goldmann, 1957b) to be usually, in fact, higher than that indi- 
cated by impression tonometry, a finding attributed to low scleral rigidity. 
The very small change in volume, both absolute and relative, produced by 
applanation (0-44 cu. mm.—Goldmann, 1957c) as opposed to impression 
(5 cu. mm. or more, depending on intra-ocular pressure: see Goldmann, 
1957d) tonometry, must be a very important factor in the discrepancy 
between readings by these two methods. 

Nychthemeral variations in intra-ocular pressure are physiological. A 
large eye will “‘react”’ with a smaller rise in pressure than will a smaller 
one to the same change in volume. That consideration may be valid in 
explaining the clinical impression that “low-tension glaucoma” is very 
slowly progressive and occurs in older people. It assumes that the number 
of units producing aqueous humour and their rate of production (also its 
variability) do not vary proportionately from eye to eye with intra-ocular 
volume—no evidence on that point exists. It has been observed that 
ocular pulsation produced by the cardiac and respiratory cycles is small or 
absent in myopic eyes and in eyes with “low-tension glaucoma”. Although 
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poor “reactivity” of large eyes, because of their volume, to pulsations of 
intra-ocular blood vessels may be the explanation, it is quite possible that 
the “‘atrophic” state of the choroidal vascular system in myopes is the 
determining factor. . 

Since a given ocular refraction can be associated with a range of axial 
lengths (Sorsby and others, 1957), an “abnormally” large intra-ocular 
volume need not necessarily imply myopia, nor vice versa. 


Applanation v. Impression Tonometry 


In applanation tonometry a “plate” flattens a portion of the eye. There- 
fore, if the rigidity of the coats of the eye is small, equilibrium is reached 
when : 

W=a(p+6p), 
where a is again slightly greater than the area of contact of the plate (see 
notation of Equation 6), 


p is initial eye pressure, 
and 4p is increase in eye pressure due to volume change. 


In impression tonometry, a similar relationship will hold, but because 
of the smaller area of contact, 5p will be much larger. It is realized that this 
expression holds good only for shallow indentations in which skin tension 
contributes only a small component in the axis of the plunger. This is 
confirmed by experience with the two methods, for it is found that with the 
impression method intra-ocular pressure approximately doubles, whereas 
with applanation, the pressure rises by approximately one-twentieth 
(Goldmann, 1957a). Also, corneal curvature, within a surprisingly wide 
tange, has a negligible effect on the readings obtained from an applanation 
tonometer (Schmidt, 1956). 

Thus, applanation tonometry is almost a direct measurement of internal 
pressure, and any errors due to variations in eye volume or scleral rigidity 
will be within the limits of the pressure increase dp (of the order of 0:75 mm. 
Hg). Therefore, it is suggested that the anomalous results from impression 
tonometry due to variations in eye volume as well as any due to those of 
scleral rigidity can be almost completely eliminated by the use of the applan- 
ation method. An example is illustrated in the following Table (data from 
Goldmann, 19574): 





Tonometry Method Indentation Applanation 





Volume Change (mm.3) as q ay - é 0-44 
Initial Pressure (mm. Hg) .. ry a oy Ne 16-00 
Final Pressure (mm. Hg) .. ‘ie Kuh ad ie 16-75 
Pressure Change (mm. Hg) .. o. a i Sg 0-75 
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Thus the error in indentation tonometry due to the different eye volusie 


will be wa =30 times the error incurred in applanation tonometry. 










Intracameral Volume 


The three compartments of the eye are probably freely intercommunicating, 
although it might be argued that a sudden rise of intracameral pressure, 
especially if large, produced by a tonometer, would not immediately be 
transmitted to the posterior chamber because the iris would be pressed 
against the iris-lens diaphragm; that might tend to occur especially in eyes 
predisposed to closed-angle glaucoma and might be expected to produce an 
even more unrealistically high tonometer (impression) reading than would 
be expected on the grounds of small intra-ocular volume alone in these 
eyes. However, even very slight mobility of the iris-lens diaphragm would 
nullify that effect. Frangois, Rabaey, and Neetens (1956a, b) and Francois, 
Rabaey, Neetens, and Evens (1958) have shown that the facility of outflow 
falls with decreasing depth of anterior chamber. That finding may be 
explicable by the increasing deformity in the eyeball caused by their method 
of reducing the depth of the anterior chamber which results in an increasing 
deformity in the corneal curvature and/or in the channels of outflow. 




















Hydrophthalmos and Microphthalmos 


As a child’s eye increases in size to become buphthalmic, impression 
tonometry will appear to show a fall in ocular tension although, in fact, 
intra-ocular pressure remains unchanged. Self-limitation of the disease 
should not, on that evidence, be postulated. However, the increase in size 
may have two beneficial effects. First, the area of cross-sections of the 
channels for aqueous outflow may alter with increased size of the globe 
whereas the rate of aqueous production is unlikely to increase. Secondly, 
as the eyeball increases in size, it will be able to ““accommodate”’ transient 
increases in volume with less destructive rise of pressure than in its previous, 
smaller, state. Furthermore, an impression tonometer would underestimate 
the tension only if, ceteris paribus, the volume of the buphthalmic eye were 
greater than the presumably adult eye on which the tonometer was originally 
calibrated. 

An eye with an unusually small volume (not necessarily, though usually, 
hypermetropic) will appear to have a higher than normal tension when it is 
measured by impression tonometry, even if corneal curvature be not greater 
than normal. The results of applanation tonometry support that deduction, 
for they show Jower pressures than those given by impression methods 
(Goldmann and Schmidt, 1957: explained on a basis of high scleral rigidity). 
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Provocative Tests 


A false positive water-drinking test may be obtained from a non-glauco- 
matous small eye, even if the measurements are made by applanation; the 
impression method would add to the false positives if an arbitrary upper 
limit were used as an additional criterion of normality irrespective of initial 
pressure. False negatives can be expected from large but glaucomatous 
eyes, even with the applanation method. Some of the variance in results 
from normal eyes must be attributable to the wide range of volumes found 
in them; other sources of error must, of course, be blood volume, body 
weight, vascularity of gastric mucosa, etc. 

The reaction to darkness and mydriasis of normal and glaucomatous eyes 
must be affected by intra-ocular volume, even if estimated by applanation. 
Additional false positive results could arise from the use of an arbitrary 
upper limit with impression methods as in the water-drinking test above. 
Foulds (1957) has shown that the reaction to darkness in closed-angle 
closure glaucoma increases with increase in initial tension. Some of the 
gradient in his Fig. 2 might be attributable to the effect of increasing (axial) 
hypermetropia, i.e. decrease in volume. 

Darkroom outflow (Foulds, 1956) and homatropine outflow (Becker and 
Thompson, 1958) tests will be relatively little, if at all, affected by variations 
involume. That fact may explain (part of) their high sensitivity. 

All these considerations are based on the assumption (no evidence exists) 
‘that the numbers of units of input, their rate of production of aqueous 
humour, and their reactions to provocation, do not vary pari passu with the 
size of the eyeball. 

Simulated tonography is being investigated. Preliminary results suggest 
that variations in intra-ocular volume will have much less effect on tono- 
graphy than on tonometry because P,,, probably, is the only term which will 
be significantly altered in the usual formula for the calculation of facility of 
outflow. It is suggested that the difficulty of allowing for initial volume 
may be overcome by the use of an applanation value for P.,. 


Further Discussion 


Those who criticize recurrent modifications of the calibration charts 
accompanying impression tonometers as being, in clinical work, merely 
confusing receive support from the above physical experiments. A further 
serious criticism of these re-calibrations is that they entail an unnecessary 
reassessment of provocative tests, even if only a translation of their values 
into scale divisions. 

It cannot be accepted that a reading of three-scale divisions (with a 5-5-g. 
Weight) is the upper limit of normal, except in certain well-defined conditions 

11 
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of intra-ocular volume, corneal curvature, scleral rigidity, and even, perhap;, 
intracameral volume. It is at present impractical clinically to measure with 
any degree of accuracy all of these variables, so that applanation tonometry 
would appear to be a much more accurate method of estimating intra- 
ocular pressure. Similarly, the validity of the time-honoured practical 
indication for operation in simple (open-angle) glaucoma, viz. continued 
field loss in spite of medical treatment, is upheld. 


It should be emphasized that all the above considerations are based on the 
applications of some entirely physical experiments in which some approxi- 
mations have been used; the detailed picture will be more complex. They 
agree very well with clinical observations and they provide a more economical 
hypothesis to explain some aspects of glaucoma. It seems reasonable to 
suggest, therefore, that variations in scleral rigidity are less important than 
previously thought. Nevertheless, further work on enucleated eyes and on 
patients will have to be done to confirm the deductions. 


SUMMARY 


Experiments on hollow, water-filled rubber spheres have shown that a 
given change in volume, produced by indentation or other methods, will 
result in a change in pressure which is an inverse function of the initial 
volume of the sphere (allowance being made for differing thicknesses of 
wall). Some quantitative and theoretical aspects of that principle are 
described. By analogy, it is suggested that eyes which are larger than those 
on which an impression tonometer was calibrated will give an apparently 
low reading of ocular tension (hence “low tension glaucoma”), whereas the 
tension will be misleadingly high with smaller eyes. The published obser- 
vations with the applanation tonometer (which must, gua intra-ocular volume, 
provide a more accurate estimate of intra-ocular pressure) are consistent 
with that argument; hitherto, variations in scleral rigidity have been held 
entirely to account for discrepancies between readings obtained by applana- 
tion and impression. 

Other implications of the thesis, for example in buphthalmos, provocative 
tests, and open- and closed-stopcock methods of calibrating tonometers are 
mentioned. 
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INCIDENCE AND CAUSES OF BLINDNESS IN THE 
MALTESE ISLANDS* 
A SURVEY BASED ON THE EXAMINATION OF 638 BLIND PERSONS 


BY 


F. J. DAMATO 
Malta, G.C. 


Tue number of blind people in these islands has been recorded in the decen- 
nial Censuses held since 1881, but no study has been made of the incidence 
and causes of blindness, and the aim of the present survey is to fill this gap. 
The small size of the islands and their population and the ease of access to 
the towns and villages have helped to make this survey thorough and com- 


plete. 
As a register of the blind has never been instituted, a systematic search was 


necessary to trace all blind persons. Use was made of several sources of 
information: 


(1) The parish priests were asked to furnish lists of blind people, and the latter 
were subsequently examined in their own homes. 


(2) An examination was made of all the inmates in the various homes for the 
aged and for patients suffering from mental disease. 


(3) The records of all blind persons attending the out-patients’ department at the 
Eye Hospital were studied for several years. 


The survey was carried out during the 6 months January to June, 1958. 


Prevalence of Blindness 


Table I (opposite) shows the number of blind persons enumerated, and 
the rate of blindness per 100,000, according to decennial Censuses from 1881. 
No census was taken in 1931 and 1941. 

The earlier figures indicate a steady decline in the frequency of blindness, 
but no ophthalmic specialist took part in the examination of the blind, the 
Census particulars being based on a declaration made by the patient or some- 
one responsible for him. Blindness is a vague term, and a considerable 
number of patients do not consider themselves to be blind so long as they 
possess light perception. The census figures may therefore be considered to 
be too low and to represent only those who were completely blind with no 
perception of light. 





* Received for publication May 4, 1959. 
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BLINDNESS IN MALTA 


TABLE I 


PREVALENCE OF BLINDNESS ACCORDING TO CENSUS REGISTRATION, 
1881—1948, AND PRESENT SURVEY, 1958 





Total Number of Blind Persons Rate per 100,000 


Year Population 
Total Male Female 








1881 453 _ — 302 
1891 483 237 276 292 
1901 418 221 197 226 


1911 345 178 167 163 














1921 329 168 155 
1948 375 202 173 124 
1958 638 302 336 199 


























In the present survey, an attempt was made to trace all blind persons. The 
total of 638 for 1958 should be regarded as a maximum one, as very few 
could have been left out, and all persons were considered to be blind whose 
corrected vision was less than 3/60 and who could not find their way about in 

‘unfamiliar places. 

The estimated population of the Maltese Islands in December 1957 was 
320,019, and the rate of blindness per 100,000 therefore works out at 199-06. 
This proportion is almost the same as that obtaining in Great Britain (Sorsby, 
1950, 1956). One may assume that in such a small island as Malta the esti- 
mate will be more accurate than in a large and populous country. 


Degree of Blindness 
Table II shows the degree of blindness in the 638 cases discovered. More 
than two-thirds (67-03 per cent.) of the blind population are blind in the full 
meaning of the term. The remaining one-third (32-96 per cent.) possess 
some degree of vision, but not enough to find their way about in unfamiliar 
places or to pursue a normal occupation. 


TABLE II 
DEGREES OF BLINDNESS 





Degree of Visual Acuity Number of Cases | p92) Blind Persons 








No Perception of Light .. + is my 189 29.67 \ 
67.03 
Perception of Light Only ze ae v3 238 37.36 





Hand Movements to se aaiivanies —— is 
Fingers : <a 211 32.96 


Total SF a ay ie 100.0 
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Age Distribution 


Table III shows that the frequency of blindness increases with age. The 
incidence rises sharply after the age of 50 and reaches a maximum in the 
60—69 age group. The greatest number of blind people is to be found in 
the 60—79 age group; after age 80 there is a sharp decline. 

As much as 84-42 per cent. of the blind are over the age of 50, and less than 
4 per cent. are children (0-4 years 1-41 per cent. and 5-14 years 2-35 per 
cent.). The rate of blindness for the working years of life (15-60 years) 
is 29-35 per cent., 23-56 per cent. being found in the two decades 40-59 
years. 

TABLE III 
AGE DISTRIBUTION OF BLIND POPULATION, BY SEX 





Age Group Total No. of Percentage of 
(yrs) Females Cases Total Blind Persons 





1-41 

1-41 

2°8 
1:56 29-35 
6°89 

16°67 

26-33 

24:76 83-42 

13-00 

90 and Over 2°66 


Total 100 




















Age at Onset 


Apart from the cases due to congenital causes, one is entirely dependent 
on the recollection of the patient for information on the onset of blindness, 
When blindness is due to diabetes, the patient can generally give fairly 
accurate information, because of the relatively short time taken for complete 
loss of vision to occur. The majority of cases of blindness due to this cause 
occur in the age group above 50. Correct information is also obtained 
regarding blindness due to retinal detachment; the majority of these patients 
lost their sight between the ages of 30 and 40. In chronic glaucoma, since 
the sight is lost extremely slowly, the information obtained was very vague. 


Sex Distribution 


There were 302 males and 336 females. The excess of females over males, 
though partly related to the excess of females in the general population 
(females 166,817; males 153,202), can be explained by the heavier incidence 
of blindness caused by diabetes and cataract in females. On the other hand 
all the cases of blindness due to trauma are males. 
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Causes of Blindness 


In the Past.—No statistical data are available. If one were to draw con- 
clusions from the high incidence of trachoma in Malta in the past, this single 
cause must have been the predominant one. An examination of the records 
for the year 1925 of the Ophthalmic Sub-division at the Central Hospital 
shows that, out of 1,063 out-patients treated during that year, 573 (50-2 per 
cent.) were suffering from trachoma, and 173 in-patients (58-4 per cent.), 
out of 296 admitted to the wards during the same year, were treated for the 
complications and sequelae of trachoma. It is clear that trachoma was then 
the most important disease of the eyes. 


At Present.—The significance of the different causes of blindness is shown 
in Table IV. 
TABLE IV 
CAUSES OF BLINDNESS, BY SEX, IN ORDER OF INCIDENCE 





Total No. Percentage of 
Cause Males | Females | of Cases | Total Blind Persons 





Myopia .. ae oh és 57 62 119 18-6 
Cataract (Non-congenital) es 45 70 115 18-0 
Glaucoma as e oe 59 50 109 17:2 
Diabetes .. = ‘ie ie 23 69 92 15-9 
Trachoma. . ve as ei 39 40 79 12:3 
Congenital ie 12 12 24 3-7 
Optic Atrophy |Unknown Origin 16 2:5 
Cerebral Tumour 8 1-2 
Cataract (Congenital) .. un 20 3-1 
Congenital Abnormality << 15 2:3 












































Iritis and Iridocyclitis .. es 13 2:0 
Trauma .. ee es Ge 11 1-7 


Leprosy 1-0 














7 
Vascular Disease ae Pe 5 0-7 
4 


Retinitis Pigmentosa 0-6 
Sympathetic Ophthalmitis 5 — 1 1 0-1 
Total ae “a ota 302 336 } 100-0 























Myopia, cataract, glaucoma, diabetes, and trachoma are the five main 
causes, and are responsible between them for 80-6 per cent. of all cases of 
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blindness, trachoma alone accounting for 12-3 per cent. Congenital causes 
account for 9-1 per cent. (congenital optic atrophy 3-7 per cent., congenital 
cataract 3-1 per cent., and congenital abnormalities 2:3 per cent.). The 
remaining 10 per cent. includes optic atrophy of unknown origin (2:5 per 
cent.), optic atrophy caused by cerebral tumour (1-2 per cent.), trauma (1-7 
per cent.), iridocyclitis (2 per cent.), leprosy (1 per cent.), vascular disease 
(0-7 per cent.), retinitis pigmentosa (0-6 per cent.), and sympathetic ophthal- 
mitis (0-1 per cent.). 

No cases of blindness were found to be due to senile macular degenera- 
tion, ophthalmia neonatorum, or syphilis. 


Different Causes in the Two Eyes.—In 33 cases (26 males and 7 females 
representing 5-1 per cent. of the total) the two eyes were blind from 
different causes. The excess of males is due to the number of men who had 
lost one eye through injury. The most important causes are trauma (seven- 
teen cases) and iridocyclitis (thirteen cases). In two cases blindness was 
attributed to optic atrophy of unknown origin and in one case to chronic 
glaucoma. 

In Children—The number of children examined was 24, of which 9 were 
infants (0-4 years) and 15 of school age (5-14 years). Four children were 
mentally deficient. In all cases the blindness was congenital (14, 58-33 per 
cent. had congenital cataract, two had optic atrophy, three retinoblastoma, 
three microphthalmos, one aniridia, one glaucoma). 

No cases of blindness were found to be due to retrolental fibroplasia, 
toxoplasmosis, or ophthalmia neonatorum. 

About eleven of these children may be considered as suitable for education, 
and a school for the blind has been established in recent months. 


Plans for Dealing with the Main Causes of Blindness in the Future 

Trachoma.—This disease accounts for 12-3 per cent. of the total number of 
blind. Table V (opposite) shows that all patients blinded by trachoma are 
over 40 years of age, the majority being over 60 years of age. This blindness 
is the result of infection contracted between 40 and 50 years previously, when 
treatment was not sought or was ineffective. Blindness due to trachoma is not 
usually complete and most of the patients are left with some degree of vision. 

In the years between the two world wars, trachoma was gradually brought 
under control. Suitable legislation and preventive and therapeutic measures, 
and more recently a higher standard of living, better sanitation, an efficient 
school medical service, and the advent of sulpha drugs and antibiotics have 
all combined very nearly to stamp out the infection. About thirty cases of 
asymptomatic pure trachoma are still seen every year, but response to treat- 
ment by antibiotics such as Terramycin and Achromycin is very satisfactory, 
and sequelae are never reported. 

In the course of a few years, when the patients who are now blind because 
of trachoma are dead, this disease will no longer figure as a cause of blindness. 





BLINDNESS IN MALTA 169 


TABLE V 
BLINDNESS FROM TRACHOMA a BY AGE, VISUAL ACUITY, 
EX 





Distribution No. of Cases Percentage 





0 0 

3 3-7 

7 8-8 
24 
33 
10 
90—100 = 
Total 719 


























No Perception of Light 9 
Perception of Light Only a 19 








Hand Movements to Counting 
Fingers (Under 3/60) .. es 51 


Total 79 
Male... ue od ie 39 
Female .. * 35 es 40 

Total Hp pe 79 100 


























Myopia.—The structural changes associated with myopia—choroidal 
atrophy and retinal detachment— are responsible for the greatest number 
(eighteen per cent.) of cases of blindness in Malta. 

Retinal detachment accounts for more than half of these cases, and the rest 
are due to degenerative choroidal changes in the macular region, which 
gradually lead to serious impairment of vision. Many patients suffering from 
retinal detachment were blind before the introduction of modern treatment, 
but ten have been treated surgically. 

The exact incidence of myopia in the general population in Malta is not 
known, but judging by the number of cases seen in the out-patient clinics it is 
fairly high. 


Cataract.—The majority of cases of cataract are remediable, but surgery is 
not possible in all cases because of the age of the patient. 62 per cent. of 
patients who are blind because of cataract are over 70 years old, and are 
reluctant to be operated upon. About 36-5 per cent. are suitable for opera- 
tion and it is to be hoped that eventually they will cease to be classed as blind 
persons. 
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There is a strong popular belief that a patient must be completely blind 
before the operation is carried out, but modern surgical technique allows of 
early operation, before senility and sickness set in. 


Glaucoma.—This is the third major cause of blindness. In 95 per cent. of 
cases it is of the chronic insidious type; in most of these cases the patient has 
been under the impression that his poor sight was due to cataract and that 
complete blindness was necessary before treatment could be given. Only 
twenty cases—18-3 per cent.—have been operated upon in one or both eyes. 

Early detection followed by treatment will possibly lead to a reduction of 
the number of persons who are blind from this cause. Much can be done by 
making the family doctor aware of the possibility and dangers of glaucoma, 
and also by informing the public on this subject by means of newspapers and 
the radio. 


Diabetes.—No figures are available of the incidence of diabetes in the 
general population in Malta, but it is known to be very high. The use of 
insulin has prolonged the life of these patients and the incidence of diabetic 
retinopathy leading to blindness has increased very considerably. 

Table VI shows that over 75 per cent. of the diabetic blind are to be found 


TABLE VI 
BLINDNESS FROM DIABETES pg we BY AGE, VISUAL ACUITY, 





Distribution No. of Cases Percentage 





0—39 0 0 
40—49 7 76 
24 
46 
14 
1 

Total wé Se 92 
No Perception of Light . . Se 16 
Perception of Light Only oie 50 


Hand Movements to Counting 
Fingers (Under 3/60) .. i 26 


Total es ae “ia 92 
Male Re sis a4 ik 23 
Female .. Gi “3 is 69 

Total ee “ft és 92 
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in the 50-69 age group. The sharp fall in the 70-79 age group suggests that 
the diabetic soon dies after the onset of blindness. The incidence of blind- 
ness due to diabetes is three times greater in females than in males. 

With few exceptions, the patients’ history has shown that the duration of 
the disease is closely related to the incidence of blindness. Treatment has 
generally been irregular; the diet has not been adhered to and the use of 
insulin has often been haphazard or non-existent. 

Cooperation between patient, physician, and ophthalmologist in estab- 
lishing the proper management and consistent treatment of diabetes will no 
doubt prevent or limit the ocular lesions due to diabetes. 


Leprosy.—There are about 150 lepers in Malta, in whom ocular complica- 
tions such as iritis or iridocyclitis are common. Seven patients are known 
to be blind. Cortisone drops and ointment have proved invaluable in pre- 
venting blindness from this cause. 


Summary 


The blind population of the Maltese Islands has been traced and examined. 
The blindness rate is 199-06 per 100,000 population. The incidence, causes, 
and future outlook are discussed. 
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ASSOCIATION BETWEEN MATERNAL DISEASE DURING 
PREGNANCY AND MYOPIA IN THE CHILD* 


BY 


PETER A. GARDINER AND GRIFFITH JAMES 
London 


CONGENITAL MYOPIA has been shown to be associated with prematurity 
(Gregory, 1957; Eames, 1946; Drillien, 1958). These studies did not 
preclude the possibility that the cause of prematurity might be associated 
also with myopia in the infant. In the present investigation two series 
of consecutive cases of congenital myopia have been studied in different 
districts. The mothers of these children were all asked about the history 
of their pregnancy and it was also possible to obtain some information 
about siblings. A control group of mothers and children suffering from 
visual disorders other than congenital myopia was also asked the same 
questions. The results are set out in Table I (opposite). 

It appears that the “‘toxaemias” occurred in 50 per cent. of the 38 cases in 
the myopic group and that in a further 25 per cent. well-defined maternal 
disease occurred. In this context the term “‘toxaemia” includeshypertension, 
pre-eclampsia, and renal disease. 

Amongst the mothers whose children had other visual defects only 13 per 
cent. had had toxaemia and only 25 per cent. were ill compared with 75 
per cent. of the mothers of myopes. Another notable contrast is that 
most of the diseases mentioned by the mothers of myopes had seriously 
interfered with health during pregnancy, whereas amongst the mothers of 
children with other eye defects the complaints were mainly trivial. 

Prematurity was not a feature in the myopic series of cases. Only five 
cases were noted as premature, and at least two of these weighed 5 Ib. at 
birth. The mean birth weight was 7 Ib. 3 oz. in the myopic group and 7 Ib. 
6 oz. in the other group. The birth distribution in the two groups (Table II, 
opposite) shows little difference. 

In all except one of the myopic cases there appeared to be no other con- 
genital defect. The exception was a mentally retarded child born of a 
myxoedematous mother. 

The myopia was of a high order, being more than —4 Dinall cases. In 
the fourteen cases where there was information about siblings, only one 
showed a similar degree of myopia. The rest of the siblings had either 


* Received for publication March 18, 1959. 








[SIS SI EIS) ele orci appre ci e) oe ome 


MATERNAL DISEASE AND MYOPIA 


TABLE I 


INCIDENCE OF CONDITIONS OCCURRING IN PREGNANCY AMONGST 
MOTHERS OF CHILDREN WITH VISUAL DEFECTS 





Child 


Congenital Other Visual 
Myopia Defects 





Nature of Pregnancy Illness 





Bed a % Ss ay 8 1 
Ambulant 1 





Hypertension 














3 
Toxaemia ee ‘Se ‘e “3 ig ge 5 
3 


“Kidney Trouble” 





Hyperemesis (Severe) 





Haemolytic Anaemia 





Simple Anaemia 





Antenatal Haemorrhage 





Fibroidectomy + (Rhesus) 





Myxoedema 





Gastro-enteritis (Severe and Protracted) .. 





Influenza 
“Weak Heart” 
Phlebitis 











Increase in Weight more than 3 Stone (otherwise well) 





Varicose Veins ae az ae aE re —_ 


Asthma and Eczema ak a ap os 1 








Total Abnormal Pregnancies Ae ea 8 28 =317] 








- Total Normal Pregnancies .. oe ine a 10, 9774 


Total Children ae et 3 xP ae 38 














X2=11-0 P=<-01 


TABLE II 
BIRTH DISTRIBUTION OF 76 SUBJECTS 





Pregnancy Myopes 


20 
11 
5 
1 


Total .. a =! ue Ne mt a3 37 























174 PETER A. GARDINER AND GRIFFITH JAMES 


normal or hypermetropic refractions. Five out of the first 25 children had 
a myopic parent. The remainder were not asked about parental eyesighi. 
Insufficient evidence was obtained to enable us to report on the pregnancy 
history before the birth of most siblings of the myopes though in five instances 
a normally-sighted sibling was born after a normal pregnancy to a mother who 
had had an abnormal pregnancy before her myopic child was born. On the 
other hand, one mother had kidney trouble in three pregnancies, but only 
one child was born myopic. 3 

These myopes are probably a representative sample of children with 
congenital myopia. They would exclude, however, those children who are 
feeble-minded or already in institutions, and some children who are blind 
as a result of their myopia. Mongols would not be likely to be seen in this 
series, as the children were nearly all seen at routine school inspections, and 
were therefore relatively healthy and uncomplicated cases of congenital 
myopia. This renders the results obtained all the more striking, as 75 per 
cent. of the pregnancies were markedly abnormal amongst the mothers of 
the myopes whereas only 18 per cent. of the other mothers had had marked 
illness during pregnancy. 


Discussion 


There is thus an apparent association between maternal disease and 
infantile myopia. It would be wise not to stress the physical normality of 


these cases because mental defects are undoubtedly associated with some 
cases of infantile myopia. Moreover, although some children showed 
minor myopic characteristics in their fundi, there were no posterior staphy- 
lomata, marked temporal crescents—colobomata—nystagmoid movements, 
etc. Therefore, myopia exists as the only physical defect in many young 
children. For this reason it is likely that myopia can develop late in preg- 
nancy. If it occurred only early in pregnancy it would be more frequently 
associated with other ocular and physical defects. It is known to be present 
by the 7th month as shown by studies of retrolental fibroplasia (Gregory, 
1957). It has also been stated (Fletcher, 1953) that the eye is always myopic 
in the early stages of pregnancy. 

It is the general opinion that congenital myopia rarely alters and its 
presence in infancy should therefore indicate that the myopia existed at 
birth. 

This fact, in addition to the findings in our series, points to the importance 
of intrauterine events. Once outside the uterus the myopia does not usually 
alter until degenerative changes set in in adult life. If these eyes were 
abnormally “weak” and intrinsically abnormal, one would expect the 
condition to be progressive from the start. It is probable that these cyes 
are as likely to change their refraction as a normal child’s eye, i.e. only 
a minority of normal eyes become myopic and only a minority of these 
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congenital myopes become more myopic. It follows that a fault of the 
uterine environment and not one of the eye itself may be a prime cause of 
congenital myopia. 

If it is true that the premature eye is always myopic, then it follows that 
in our series of cases some change in the later stage of pregnancy has failed 
to occur in the eye, and that these children are in fact born with “premature” 
eyes though the rest of the body is fully developed. In retrolental fibro- 
plasia a fluctuating myopia is often found and it may be that some children 
of toxaemic mothers are born myopic and become emmetropic. This is 
unlikely owing to the static nature of infantile myopia though marked 
improvement in an infantile high myope is not unknown to us. 

The eyeball lengthens during the last 3 months of pregnancy (Keeney, 1951), 
and in the present series of cases this is the period when most of the maternal 
diseases occurred, though some were also present throughout pregnancy. 
While the eyeball is actively growing it is possible for the process to be 
disordered during the last months of pregnancy either towards myopia or 
towards hypermetropia. On the latter point we have no knowledge, and 
it would require a very much more intensive examination of the integration 
of eye disease and general medical conditions to enable such an association 
to be proved. 

It may seem peculiar that myopia should be the only physical sign in the 
new-born infant to be associated with disease during late pregnancy, but this 
is not really so. For instance, retrolental fibroplasia and blindness was 
often the only hazard that some premature children had to face once their 
survival was assured. This is probably because the retinal vessels are still 
being developed in late pregnancy whereas, as far as is known, the vascular 
system elsewhere is—if not complete—at any rate being developed 
from normal and not embryonic vessels. Secondly, acquired myopia, in 
many cases progressive, occurs in very many otherwise healthy children 
during growth and adolescence. It is justifiable, therefore, to regard the 
eye during growth as having a special intrinsic susceptibility to permanent 
disabling departures from the normal as compared with the body as a whole. 
Excessive irregularity of growth and some dietary imbalances are however 
connected with acquired myopia (Gardiner, 1954, 1958), so that the apparent 
isolation of the eye is one of effect or degree and not necessarily due entirely 
to some restricted local condition. These growth and dietary studies show 
that the eye in myopia is taking its own special part in the bodily changes as a 
whole. 

The problem of how much hereditary influences could obscure this 
association is in our opinion impossible to solve without estimating refractive 
errors on all the relatives. Personal statements about sight (and loose 
remarks in lay terms about short sight and long sight) are quite valueless. 
One of us has seen and been corrected by a man wearing +8 D sph. who said 
he was short sighted! In a sense he was right. in six out of the first 25 
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from the present series there was no family history whatever of myopia; 
in five cases one parent was probably myopic; in no case were both parerits 
probably myopic. Without accurate refractions of all relatives it appears 
that a genetic influence was not a major factor in producing congenital 
myopia amongst these children. The evidence obtained about siblings in 
our series, limited though it is, tends to show an association between maternal 
disease and congenital myopia rather than an association in refraction 
between children in the same family. 

Toxaemia of all sorts is estimated to occur in about 10 per cent. of all 
pregnancies in the British Isles, but definitions of the term vary. In our 
control group it was 13 per cent. The term toxaemia here listed includes 
hypertension, pre-eclampsia, eclampsia, and renal disease. In our myopic 
series, 50 per cent. of the deliveries—mostly at about full-term—occurred 
after pregnancies in which these disorders were present. We would, there- 
fore, argue not only that there was an association between congenital 
myopia and pregnancy toxaemia but also that these cases of myopia are not 
necessarily associated with prematurity. 

In retrolental fibroplasia the essential precondition is an excessive oxygen 
supply to the new-born. Whether or not this is connected with the associated 
myopia found by Gregory is highly debatable. The myopia was probably 
intra-uterine in origin and associated with the condition causing the pre- 
maturity though Gregory does not mention the histories of the pregnancies. 
It is of interest to note that in her series of 30 cases, eight were twins. Our 
series included two sets of twins out of 38 pregnancies. Twin pregnancy of 
itself, therefore, is not likely to be a cause of myopia though it is 
acknowledged to be a cause of prematurity. None of the children in our 
series showed signs of retrolental fibroplasia and as far as we know none had 
had oxygen therapy. 

If the loss of protein which is common in toxaemias had a decisive part 
in these infants, one might expect them to be small, but this was not so, 
their mean birth weight being 7lb. 30z., only 3 oz. less than the others. It 
could be argued that these myopic children grew to a normal birth weight 
in spite of the chances of an impaired intra-uterine nutrition. This would 
tally with the findings in acquired myopia. In older children, myopia is 
most progressive in those who grow fast and refuse animal protein (Gardiner, 
1956). It is probable that there is an imbalance between growth and food 
factors. This could sometimes be the case in utero, and as it is not likely 
that protein deficiency is more than one amongst several factors in acquired 
myopia it would at any rate be consistent to assume the same in cases 
of congenital myopia. This would fit in with the preponderance of cases of 
toxaemia occurring in association with protein loss and sometimes slightly 
lowered serum protein in the mother (Dieckmann, 1952), and would at 
the same time leave room for alternative causes. It is possibly of some 
significance that one of our cases suffered from myxoedema, which is known 
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to cause not only anaemia but also a 15 per cent. reduction in blood volume 
(Gibson and Harris, 1939). This reduction in blood volume is also found 
in pre-eclampsia and eclampsia (Freis and Kenny, 1948) and occurs before 
the manifestation of other clinical signs which might be of some significance 
in some so-called normal pregnancies. 

Another of our patients suffered from a haemolytic anaemia, again 
suggesting the possibility that maternal blood factors are important. 

Many investigators have shown that the blood calcium in toxaemia is 
normal. In view of this and in the absence of any proof that calcium per se 
is implicated in acquired myopia, the role of this food factor is not likely to 
be of importance. 

There are other possible influences: for instance, in toxaemias the pla- 
cental oestrogen is said to be diminished (Smith and Kennard, 1937) and 
placental infarctions occur more frequently than in normal pregnancies. 
Brown and Veale (1953) showed that there was a reduction in the blood 
flow through the placenta in toxaemia compared with that found in a normal 
pregnancy. 

Walker and Turnbull (1953) also showed that the oxygen saturation in 
the umbilical vein is less in toxaemia than in normal pregnancy. 

There are therefore a number of indications that the foetal environment 
may not be normal in maternal disease and this accords with some of the 
factors known to be associated with acquired myopia. 


Prevention and Detection of Myopia 


Although congenital myopia is rare and is possibly not the same lesion 
as acquired myopia, special schools, blind homes, and mental institutions 
contain a large number of congenital myopes and considerable resources 
are needed to educate many of these children. These considerations, apart 
from the distress of blindness and mental defect, are sufficient warrant to 
explore the possibilities of prophylaxis. 

There is need for further research into the connexion between pregnancy 
disorders and ocular disorders, including refraction errors in general. For 
example, although it is suitable for the purposes of this paper to use a control 
group of children with defective eyes, some of these defects, though largely 
acquired, may have been associated with pregnancy disorders. 

Secondly, although in our series of cases prematurity was not a feature, 
Drillien (1958) reported that, in a series of children with low birth weight, 
65 per cent. had a visual defect by the time they were of school age, the 
commonest being myopia. Out of 43 children, eleven had myopia (six 
of high degree), but this is probably an underestimate because all children 
of pre-school age were not examined. As myopia is the commonest cause 
of blindness in middle-age in England and is a major disability in a high 
proportion of the population, it appears highly desirable to glean more 
information on the state of the eyes at pre-school age in ill, disabled, or 

12 
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retarded children than is at present the custom. It would help if refractions 
could be performed on all children taking part in prospective surveys carried 
out by paediatricians and others under proper statistical control. The actual 
problem could then be defined even if no solution was found. 


Summary and Conclusions 


Congenital myopes are shown to be born far more frequently after preg- 
nancies complicated by serious illnesses than children with other visual 


defects. 

This congenital myopia is not associated with prematurity. 

Mothers with “‘toxaemia”’ were found four times as frequently as parents 
of children with myopia than of those with other visual defects. 

It is pointed out that congenital myopia may be analogous with acquired 
myopia, in that the evidence points to its occurrence in a child whose general 


growth is normal but whose nutrition may be abnormal. 
It is suggested that more intensive research should be directed to discover- 


ing the association of the development of normal sight, both intra-uterine 
and post-natal, with other factors which may be surveyed from time to time 


in growing children. 
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CASE NOTES 
ACUTE RETINAL VASCULAR PROLIFERATION* 


BY 


JOHN A. CHIVERS 
Dartford and Orpington Hospital Groups, Kent 


THIs condition is described under its usual title retinitis proliferans by 
Duke-Elder (1940), who states that it depends essentially on two factors; 
the presence of a haemorrhage on the inner aspect of the retina and a suffi- 
cient degree of irritation to stimulate a fibrous reaction. The aetiology is 
divided into three main groups: 

(A) Trauma. 

(B) Chronic infective conditions, e.g. syphilis, tubercle, etc. 

(C) Chronic vascular disease which has a toxic basis, e.g. arterio- 

sclerosis, nephritis, and diabetes. 


Wolff (1942) recalled that a haemorrhage elsewhere in the body behaves in 
one of three ways: 
(a) It absorbs without leaving a trace; 
(b) it becomes invaded by vascular granulation tissues which helps rapid 
absorption but leaves a connective tissue scar ; 
(c) it does not absorb but remains fluid and tends to form a blood cyst. 


In the eye a haemorrhage may behave similarly. Fortunately, the great 
majority of cases comes into the first group and leaves no sequelae, whilst 
some of those in the third group can be treated with diathermy and drainage. 
It is in the second group that one of the tragedies of ophthalmology may 
occur, making us realize how helpless we are. A retinal haemorrhage may 
occur near the disc or near the periphery, breaking the internal limiting 
membrane of the retina and detaching the vitreous. Some of the blood will 
pass into the substance of the vitreous. Fibrin will then be deposited on 
the adjacent surfaces and vascularization will occur. This may produce a 
vicious circle with further haemorrhages from the new weak-walled vessels, 
more fibrin, irritation, and thicker bands, the contraction of which may cause 
detachment of the retina with further loss of vision until blindness and perhaps 
secondary glaucoma supervene. 

Usually this sequence of events is relatively slow, but occasionally it may 
be extremely rapid and may progress in spite of prompt treatment of the 
primary cause, as is here demonstrated. 





* Received for publication April 29, 1959. 
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Case Report 


A girl aged 16 years attended the out-patient clinic on August 11, 1958, with a history 
that 2 weeks previously she had noticed some blurring of vision in the left eye and similar 
_ blurring of the right vision 2 or 3 days later. She complained of no other symptoms 
whatsoever. 


Examination.—The visual acuity was 6/9 in the right eye with +3-25 D sph., +0-75 D 
cyl., axis 0°, and 6/9 in the left eye with +3-25 D sph. +1-25 D cyl., axis 0°. Blood was 
present in the vitreous of each eye giving a general foggy appearance to the whole fundus 
with peripheral haemorrhages and exudate in the 10 o’clock meridian of the right eye, 
and in the 1 o’clock meridian of the left eye. 


Past History.—In April, 1957, she had had a full medical examination when joining 
the staff of a foreign bank. The blood pressure was recorded 118/70 mm. Hg and the 
visual acuity without glasses as 6/6 in each eye. 


General Examination.—She was a well-built girl with regular pulse rate, 120 beats per 
min. 

Heart: Normal size, no murmurs. 

Blood Pressure: 220/160 mm. Hg. No other abnormalities. 

Urine: 1017 acid, protein 50 mg. per cent., sugar nil. Deposit—moderate number 
of leucocytes, some organisms, and a large amount of amorphous urates. Culture: 
Heavy growth of B. coli sensitive to Furadantin + + +, Sulphamethazine + +, 
Sulphadiazine + +. 


Blood: Hb 104 per cent., 15-4 g./100 ml.; erythrocyte sedimentation rate (Wester- 
gren) 12 mm./hr; white blood count 8,000 per c.mm.; blood urea 44 mg./100 ml.; 
blood sugar 75 mg./100 mg. 

Wassermann Reaction and Kahn Test: Negative. 

X ray of Lungs: No evidence of a pathological lesion. 


Treatment.—Immediate treatment was complete rest in bed with administration of 
rauwiloid and inversine. An intravenous pyelogram showed the right kidney to be 
excreting well, but the left kidney was obscured. A retrograde pyelogram showed that 
the pelvis and calyces on the left side had not filled normally and appeared to be under- 
developed. This investigation was followed by abnormally severe haematuria. On 
August 25, 1958, the blood urea was 26 mg. per cent. and Hb 88 per cent. 

On August 26, 1958, a left nephrectomy was undertaken by Mr. S. Farrant Russell. 
The operation and immediate convalescence were uneventful. 


Pathological Report.—Renal tissue weight after removal of fat=4 g. (Normal weight at this 
age, 120 g.) Cut surface shows gross abnormal scarring in a very small kidney suggestive of an 
old inflammatory process. 

Sections of this kidney show marked fibrosis of the interstitial tissue throughout the section 
but without any significant obliteration of nephrons. There are some scattered congeries of 
lymphocytes but the overall picture does not suggest an old inflammatory process—the findings 
are more in favour of its being a congenital hypoplastic kidney (Fig. 1, opposite). 


Progress.—On September 1, 1958, the blood urea was 30 mg. per cent., and 10 days 
later the albuminuria was absent. 

After the nephrectomy hypotensive drugs were stopped, and Furadantin was stopped 
on September 10, 1958, when the urine was normal. The blood pressure was then 
150/100 and by September 21 it was 130/88, at which level it remained approximately 
stabilized. In spite of this, new haemorrhages continued to appear in all the segments 
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Fic. 1.—Section of kidney (August 26, 1958). x 100 


of each fundus and new vessels made their appearance in the substance of the vitreous. 
Prednisolone tablets 10 mg. three times daily were commenced on October, 6 but the 
vascular proliferation continued relentlessly with fibrous band formation in the vitreous. 


On October 21 a chemical analysis of the serum showed: 


Total protein Be. oF me .. 8-0. per cent. 
Albumin .. a oa oe .. 48 g. per cent. 
Globulin... Se: ae ay .. 3-2. per cent. 
A/G Ratio .. ie ee a Pee yh 2 


The electrophoretic pattern at this date is shown in Fig. 2. 
Albumin a ie B Y 


Fic. 2.—Serum electrophoresis, showing slight 
increase in B and y globulins (October 21, 1958). 


On October 30 she was allowed to go home with strict instructions not to exert herself, 
and she continued the prednisolone until mid-February, 1959. The corrected visual 
acuity had gradually decreased to 6/36 ptly in the right eye and hand movements in the 
left. The peripheral fields were lost owing to retinal detachment, and arrangements 
were made for her registration as a partially sighted person. The fundi are shown in 
Figs 3 and 4 (overleaf). 

On March 23, 1959, a chemical analysis of the serum showed: 

Total protein ee oe fs .. 7:0 g. per cent. 
Albumin .. Le eo ae .. 48g. per cent. 
Globulin... ae Be ee .. 2-2 g. per cent. 
A/G ratio .. ey ie ae ae 
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Fic. 3.—Right fun- 
dus (October 30, 
1958). : 


Fic. 4.—Left fun- 
dus (October 30, 
1958). 





ACUTE RETINAL VASCULAR PROLIFERATION 
This electrophoretic pattern is shown in Fig. 5. 


Albumin a, a, B 


Fic. 5.—Serum electrophoresis, showing no signifi- 
cant abnormality (March 23, 1959). 


Discussion 
The details of this case are interesting from a number of angles: 


(1) The apparent rapidity with which this patient’s blood pressure rose to 
dangerous heights. 


(2) When she was first seen, a single vessel in each eye had bled into the surround- 
ing retina and vitreous, and fresh retinal haemorrhages appeared in spite 
of the prompt treatment of her hypertension. The newly-formed vitreous 
vessels also bled. 


(3) Retinal proliferation continued even when a possible toxic factor had been 
eliminated. This would tend to suggest that blood in the vitreous may 
itself be the irritating factor. 


(4) The fundus picture is similar to that seen in diabetic patients. 


Keiding (1954) summarized his investigations thus: 

(1) The serum protein-bound carbohydrates and the serum protein fractions 
were studied in diabetic patients with retinitis proliferans. The serum 
protein-bound carbohydrates were found to be present in a higher concen- 
tration than in non-diabetics. By the method of paper electrophoresis, a 
definite decrease in the values for the albumin and «,-globulin fraction 
and an increase for the a,-globulin fraction was also found in all of the 
diabetics, although only those with retinitis proliferans and proteinuria 
showed a decrease in the total protein. In the 8-globulins no essential 
change was seen. In the group showing both retinitis proliferans and 
nephropathy, the y-globulin concentration tended to be lower than in the 
group with retinitis proliferans alone, but none of the groups ine values 
distinctly different from those of non-diabetics. 


(2) It is concluded that disturbances in the protein pattern exist which parti- 
cularly involve the albumin and «,-globulin fractions at a stage in the 
development of the diabetic vascular lesions where the changes cannot be 
accounted for by loss of protein in the urine. 


The case reported is a non-diabetic and when first examined she showed 
retinitis proliferans and proteinuria with a normal A/G ratio. The paper 
electrophoresis showed a slight increase in the 8 and y globulins, and 4 
months after the proteinuria had been eliminated chemical analysis of the 
serum and paper electrophoresis showed no abnormality. 
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This is, of course, an isolated case, but in this patient it would appear that 
active retinal proliferation is not the factor affecting the result of the paper 


electrophoresis. 


Treatment 


All attempts so far have been ineffective and the process of vascular 
proliferation has progressed rapidly. At present a course of subcon- 
junctival hydrocortisone 25 mg. monthly is being given according to the 
regime suggested by Elliot (1958) in his treatment of recurrent intra- 
ocular haemorrhage in young adults (Eales’s disease). 

Verhoeff (1948) treated small localized areas of recurrent retinal haemor- 
rhage with early retinitis proliferans by diathermy. Guyton and Reese 
(1948) treated typical and atypical cases of Eales’s disease associated with 
retinitis proliferans by radiotherapy without marked benefit. When 
haemorrhages continued to occur, as in diabetic cases, no improvement 
was noted. These lines of treatment as well as light coagulation were 
considered to be unsuitable for the treatment of this case. 


Summary 


A case of acute retinal vascular proliferation is described in detail, and the 
literature with regard to aetiology, investigations and treatment is briefly 
reviewed. 


I wish to record my thanks to Mr. L. H. Savin, Mr. T. M. Tyrrell, and Mr. S. J. H. Miller for 
their opinions on the patient, to Dr. Peter Hansell, Mr. T. Tarrant, and Dr. K. J. Randall for 
help with the illustrations, and to my House-Surgeon Miss S. Creegan for her careful supervision 


of the records. 
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BILATERAL RETINAL DETACHMENT FOLLOWING 
CAROTID-CAVERNOUS FISTULA* 


BY 


JOHN F. COGAN 
St. Paul’s Eye Hospital, Liverpool 


CAVERNOUS sinus thrombosis can now be considered a rarity in this era of 
antibiotics, but sporadic cases still occur. However, the aetiology may be 
non-inflammatory, and Walsh (1937) gives the three commonest causes of 
thrombosis of the cavernous sinus as follows: 

(1) Infective or inflammatory. 


(2) Marasmic. This occurs in debilitating conditions at the extremities of life; 
the thrombus is always sterile. 


(3) Traumatic. This may be due to a blow on the head or operative accident. 


The carotid artery ruptures within the cavernous sinus producing an arterio- 
venous communication or aneurysm, and sooner or later thrombosis occurs. 


Cases of the third type are usually commoner in men, but Meadows 
(1951) has described nine cases of fistulous aneurysm arising spontaneously 
in middle-aged women. The sequence of events appears to be the develop- 
ment of an aneurysm of the internal carotid artery as it lies within the caver- 
nous sinus bathed in venous blood. This aneurysm is small and silent, a 
large one being less likely to rupture as it is supported by the walls of the 
sinus. Meadows (1949) suggests that some cases may be due to local 
weakening of the arterial wall through arteriosclerosis without previous 
aneurysm formation. 

After rupture an arterio-venous fistula develops with ensuing ophthalmic 
complications, notably lid oedema, chemosis, dilatation of the conjunctival 
vessels, and proptosis of the ipsilateral eye. A bruit heard over the eye or in 
some cases over the whole skull is characteristic. Later, the interval depend- 
ing on the extent of the communications that exist between the two cavernous 
sinuses, similar signs appear on the opposite side. Other ocular compli- 
cations include retinal haemorrhages and optic atrophy, the latter being due 
to pressure on the optic nerve by the enlarged cavernous sinus. 

The final outcome depends on the size of the fistula. Dandy and Follis 
(1941) described a fistulous aneurysm in which the sac had ruptured in two 
places with a fatal result. In other cases a balance is obtained within the 
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arterio-venous shunt, and sometimes cure follows thrombosis of the cavernous 
sinus if this is sufficient to occlude the fistula. In that reported by Dandy 
and Follis (1941), a thrombus was found post mortem filling the inferior part 
of the sinus but was not extensive enough to reach either fistula. 


Case Report 
A single woman aged 53 years was admitted to hospital on July 17, 1957, with a history 
of pain and redness of the left eye associated with left-sided headache. There was no 
history of trauma. An x ray of the sinuses had already been taken and was normal. 

Examination.—She was a fairly well-built woman with normal temperature and pulse. 
The left eye was proptosed with lid oedema, chemosis, marked dilatation of the con- 
junctival vessels, and ophthalmoplegia. No clear view of the fundus was possible 
because of cloudiness of the vitreous, and the visual acuity was reduced to counting fingers. 

The right eye appeared normal and the visuai acuity was 6/9. 

A diagnosis of orbital cellulitis was made and systemic penicillin and Aureomycin were 
administered. 

Treatment.—The next day the patient was transferred to the local Ear, Nose, and Throat 
Hospital. The systemic therapy was continued and she remained afebrile. A further 
x ray of the sinuses was also clear. 

Leucocyte Count : 10,000 per cu. mm., 75 per cent. neutrophils. 


Urine : Nothing abnormal. 

Progress.—On July 20 an early morning rise in temperature to 100°F. was noted, but 
it then fell again to within normal limits. The chemosis and proptosis persisted. 

On July 21 pain behind the right eye was complained of and the next day this eye was also 
proptosed with chemosis and dilatation of the conjunctival vessels. The temperature 


remained normal and a bruit could be heard over the forehead. There was however no 
complaint of a beating noise in the head. A further leucocyte count showed a total of 
8,000 per cu. mm., 68 per cent. neutrophils. 

The possibility of a carotid-cavernous fistula was considered and the patient was kept 
on antibiotics as a precaution. Her general condition remained quite good but she 
somewhat resented examination and wished to remain undisturbed. Chemosis and 
dilatation of the conjunctival vessels in both eyes persisted but there was no pulsation. 

On August 8 she complained that the vision in both eyes was worse and fundal exami- 
nation revealed bilateral retinal detachments involving the lower segments. No holes 
or tears were seen. The visual acuity was 6/60 in the right eye and 4/60 in the left. Two 
days later the proptosis and chemosis of both eyes became much more pronounced, 
and was associated with considerable discomfort. For about 10 days this persisted with 
recurring attacks of pain. It must have been during this period that thrombosis of the 
cavernous sinus occurred. The bruit could no longer be heard. 

On August 20 both retinal detachments were still present, the whole of the lower half 
of the right fundus showing considerable ballooning whilst the left detachment was 
limited to the temporal half of the lower segment. A week later chemosis and proptosis 
had subsided and both eyes appeared normal externally, but the detachments remained 
and in addition widespread pigmentation at the periphery of both fundi was noted. 

She was transferred back to St. Paul’s Eye Hospital and on October 10 the right 
detachment was tapped, a considerable quantity of subretinal fluid being evacuated. A 
week later the area of detachment was less but a small retinal haemorrhage was present 
at the site of the tapping. The visual acuity was 6/60 in the right eye and 6/12 in the left. 

On November 12 both detachments were still present, the retinal arteries somewhat 
attenuated, and pigmentary disturbances widespread. The patient had now been in 
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hospital for 17 weeks and it was decided to allow her to go home although the detachments 
were still present. 
After 2 weeks she returned as an outpatient, and to our surprise the detachments were 


flat. The visual acuity in the right eye was 6/18, and in the left 6/12. The right visual 
field showed some loss above, but the left. was practically full. After 4 months the 


vision was the same, the retinal arteries were still somewhat contracted, and pigmentary 
disturbances affected all quadrants, the maculae being spared. 


At her last attendance 20 months after the onset of illness, the visual acuity in the 
right eye was 6/12, and in the left 6/9. No evidence of detachment was seen, but the 
defect in the right field had persisted. The patient had driven her own car from home to 
attend the clinic, a distance of 40 miles. 


Discussion 

A search through the literature has not revealed retinal detachment 
complicating defective drainage in the cavernous sinus in cases of carotid- 
cavernous fistula or in thrombosis. Retinal detachments occurring in 
orbital cellulitis have been described on a few occasions (Duke-Elder, 
1940, 1952; Malhotra, 1957), their presence being regarded as due to venous 
congestion and reactive oedema across the fibrous sclera. It seems unlikely 
that a similar aetiology existed in this case because, although there must 
have been considerable exudation which was passive in nature, the detach- 
ments were present long after the chemosis and dilatation of the conjunctival 
vessels had subsided. 

Venous blood from the eye and orbit drains back into the cavernous sinus, 
but communications do exist with the pterygoid plexus. If this drainage is 
obstructed the well-known feature of bilateral proptosis, chemosis, and 
impaired mobility develops. The retinal veins are often dilated, but Parsons 
(1908) said that this was certainly not so in many cases and he explained the 
absence of such dilatation as being due to the free anastomoses of the ophthal- 
mic veins and the posterior communications with the pterygoid plexus. 
Thus a large volume of blood from the central retinal vein may drain 
via these anastomoses. At the same time the amount of blood entering via 
the central retinal artery is decreased because of the raised intra-orbital 
pressure. Thus this smaller amount of blood will readily escape without 
producing dilatation of the retinal veins or swelling of the discs. Atno time 
in the case described was dilatation of the retinal veins, retinal haemorrhage, 
or choked discs noted. 

The detachments must have been exudative in nature; the source of the 
exudate was thought to be the choroidal circulation, the exudate being due 
to passive congestion, and the transudate passing into the subretinal space 
with resultant retinal detachment. Presumably the blood supply to the 
choroid is less affected in raised intra-orbital pressure than that to the retina, 
because of the greater number of “feeder” vessels. Thus, with a greater 
inflow, exudation occurs from the choroidal vessels. The widespread retinal 
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pigmentary changes that occurred and have persisted are due to the diminisli- 
ed retinal circulation during the period of raised intra-orbital pressure. 

The spontaneous re-attachments are explained as being due to some degree 
of re-cannulization of the thrombus in the cavernous sinus with full res- 
toration of venous drainage from both eyes. The fact that both detachments 
re-attached spontaneously tends to bear this out. 

The treatment is of course directed towards the arterio-venous fistula, 
carotid ligation not always being successful, the bruit returning later. If 
the course is non-progressive, treatment on expectant lines is probably the 
best. This was proved in this case where the resulting thrombosis of the 
cavernous sinus must have occluded the fistula. However the waiting period 
for spontaneous re-attachment must not be too long, and such a good 
return of vision as in the case here reported, where the detachments had 
lasted 17 weeks, is not always to be expected. Tapping may be tried, but 
such a procedure can be of a temporary nature only, for, if the obstruction 
to drainage remains, passive congestion will persist and further exudation 
into the subretinal space will occur. However, tapping may be used as a 
diagnostic measure, for examination of the fluid may show whether the 
disease process is inflammatory or passive in doubtful cases. The admini- 
stration of retrobulbar cortisone to reduce capillary permeability is another 
possibility, but it was not tried in this case. 


Summary 


A case of bilateral exudative retinal detachment complicating a carotid- 
cavernous fistula has been described. Cure followed aseptic thrombosis 
of the cavernous sinus, the detachments returning to position after an interval 
of 17 weeks, presumably because of partial re-cannulization of the thrombus. 


I wish to thank Mrs. D. Barton and Mr. J. Siegler for permission to publish this case. 
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APPLIANCE 


OPHTHALMOSCOPIC ATTACHMENT FOR THE 
DIAGNOSIS OF ECCENTRIC FIXATION* 


BY 
H. H. MASSIE 
From the Regional Eye Unit, South Middlesex Hospital, Isleworth, London 


THERE is much need for earlier and more careful examination of patients, 
particularly children, who present with amblyopia in a squinting eye, with a 
view to the detection of eccentric fixation. 

It is true that in many cases considerable improvement of visual acuity 
may occur as a result of occlusion of the non-squinting eye, but there are 
others, mainly those with eccentric fixation, in which vision remains 
unaffected. Indeed, occlusion of the non-squinting eye only serves to con- 
dition the eccentric fixation reflex, when this is present, as well as to increase 
the macular suppression. Thus treatment of the amblyopia, when it is 
eventually undertaken on modern lines (Mayweg and Massie, 1958), becomes 
a more lengthy and uneconomical procedure. 

Only gross degrees of eccentric fixation can be detected by means of the 
cover test. Lesser degrees of eccentric fixation, especially when the fixation 
is peri- or para-macular, cannot be diagnosed without some special instru- 
ment such as the Visuscope, although eccentricity may be strongly suspected 
to be present in cases in which vision has not improved beyond 6/60, or even 

6/24, after several months of total occlusion. 

The ready availability of a simple instrument for the examination of 
fixation in these cases of amblyopia is desirable. It is more satisfactory for 
all concerned if the ophthalmologist can decide about the position of the 
fixation for himself before treatment is started. For this purpose a pale- 
green filter (No. 21 pea-green), in which there is a central uncoloured hole of 
3/1,000 in., may easily be fitted to most of the ophthalmoscopes in common 
use. This pale-green filter with the clear centre does not present too great 
a contrast when viewing the fundus, such as occurs when the green in the 
filter is too dark. On the Keeler ophthalmoscope this filter can now be 
supplied as an extra attachment, and it is fitted onto the rotating dome 
holding the different-sized apertures. A filter can easily be fitted on the 
A.I.M. ophthalmoscope, and it fits as a cap over the condensing lens on the 
Lister Morton ophthalmoscope. The white circle of light is clearly projected 
onto the fundus, and because of the simultaneous contrast, is easily visible 
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both to the patient and to the examiner. The refractive error of the patient 
has been found to be unimportant when this filter is used, since eccentric 
fixation seems to occur mainly in emmetropes or hypermetropes, and it is 
only in cases of myopia of —6 D sph. and greater that the white circle of 
light on the fundus becomes indistinct. 

The ophthalmoscope, with the filter fitted as described, can be used to 
examine the fixation in most cases, even with undilated pupils and in children 
under the age of 5 years. If the light is kept on the macular area, the pupil 
gradually dilates and the point of fixation is easily seen. If the examiner is 
in any doubt about the position of the fixation, bilateral mydriasis should be 
employed. The patient is instructed to look directly at the bright circle of 
light and the examiner notes the exact position on the fundus where the light 
is located. In cases of eccentric fixation the central clear area may be seen 
anywhere between the fovea and the disc (Figure). The area of fundus 
actually seen is about 1-5 disc diameters. The eye not under examination 
must be kept firmly closed, otherwise an erroneous result will be obtained. 





FiGuRE.—Fundus showing contrast between green filter 
and central uncoloured area centred over the fovea. 


If the diagnosis of eccentric fixation in an amblyopic eye can be made 
when the child is first seen, at say the age of 2 to 3 years, occlusion of the 
eccentrically fixing (or squinting) eye should be undertaken for a period of 
6 to 8 weeks initially. The diagnosis can be made when the child’s eyes are 
under atropine for routine estimation of the refractive error and fundus 
examination, even if the child is too young or too uncooperative for estima- 
tion of visual acuity. To ensure that the child understands what is required, 
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the non-squinting eye is examined first. If the occluded, eccentrically-fixing 
eye is then examined at fortnightly intervals, the fixation will be seen to 
move gradually nearer to the fovea. The correct time to change the occluded 
eye is when the fixation becomes unsteady, on and off the macula. 
Occasionally the eye appears to have no fixation at all. 


Summary 


An attachment to the standard ophthalmoscopes is described to enable 
these instruments to be used for the early diagnosis of eccentric fixation in 
cases of amblyopia ex anopsia. 


The author wishes to thank Mr. T. Keith Lyle for the helpful criticisms he has given in the 
preparation of this paper, and Miss Caroline Gundry for the preparation of the diagram. 

The filter described has been developed by Messrs. C. Davis Keeler for use as an attachment on 
the Keeler “‘Specialist”’ ophthalmoscope and costs about 20s. 
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NOTES 


UvEITIs SYMPOSIUM 
Munich, 1959 


A Symposium on Uveitis, held at the Eye Hospital of the University of Munich on 
September 1-3, 1959, under the chairmanship of Professor Marc Amsler, was attended 
by representatives of many European countries, of Great Britain, and of the United 
States of America. 

Professor Amsler in opening the discussion laid emphasis upon the fact that uveitis 
must be regarded as a disease of the eye occurring in a diseased body. He pointed out 
that, if the inflammation is not rapidly controlled, any type of uveitis tends to become a 
pan-uveitis and that every part of the eyeball is affected by its complications. He suggested 
that investigation of the aqueous humour is not carried out as frequently as it should be 
in patients with uveitis, and he stated that ‘“‘aqueous puncture in ophthalmology is as 
important as spinal puncture in neurology”. He pointed out also the importance of 
uveitis as a component of certain syndromes and he suggested that investigation of these 
syndromes would be helpful in elucidating the answer to the problems concerning the ” 
aetiology of uveitis. 

Uveitis was discussed under the headings of endogenous uveitis, virus uveitis including 
rickettsial disease and Behcet’s disease, tuberculous uveitis, focal infection in uveitis, 
toxoplasmosis uveitis, leptospirosis uveitis, and brucellosis uveitis. The clinical variations 
which occur in uveitis in different parts of the world were demonstrated in the various 
papers and discussions, and some interesting observations were reported on the assistance 
which can be derived from a study of the aqueous humour in arriving at a diagnosis. 
There appears to be little doubt that some degree of antibody formation occurs in the 
eyeball in cases of uveitis. Immunological observations have to be made on very small 
asmples of fluid, but suitable techniques have been evolved and it is suggested that the 
results are of value. The techniques of biochemical investigations of the aqueous do not 
seem to be equally advanced and no reliable results were produced. 

The various papers are to be published in Documenta Ophthalmologica and will therefore 
be available for general study. The meeting may be summarized by stating that a most 
interesting and valuable exchange of opinions took place but that no outstanding new 
facts in our knowledge of this disease were reported. 


Dr. P. K. Basu has been appointed the Stapells Director of Ophthalmic Research in 
the University of Toronto. 
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COMMUNICATIONS 


THE CENTRAL ARTERY OF THE RETINA*+ 


I, ORIGIN AND COURSE 
BY 
SOHAN SINGH AnbD RAMJI DASS 
Department of Anatomy, Government Medical College, Patiala, India 


THE central artery of the retina is of vital importance because it is the only 
source of blood supply to the retina. An exhaustive study of the literature 
reveals a striking lack of unanimity in the views held by various workers 
(Meyer, 1887; Magitot, 1908; Quain, 1909; Beauvieux and Ristitch, 1924; 
Whitnall, 1932; Wolff, 1939, 1954; Kershner, 1943; Duke-Elder, 1946; 
Sudakevitch, 1947; Traquair, 1949; Francois and Neetens, 1954, 1956; 
Francois, Neetens, and Collette, 1955; Wybar, 1956; Steele and Blunt, 1956). 
The origin and course of the central artery of the retina have not been studied 
in detail and the literature pertaining to those aspects is scanty. It was there- 
fore considered desirable to investigate the subject more thoroughly. 


Material 


This study was carried out in 106 human orbits, eighty specimens being obtained 
from dissection room cadavers and 26 from fresh autopsies. 


Methods 


The central artery of the retina was studied in two ways, 100 specimens by dis- 
section, and six by histological sections. 


(A) Dissection Techniques 


(1) Injection with Neoprene Latex (Type 571).—Three different techniques 
were used. 


(i) 44 specimens were injected with latex in situ through the internal carotid artery 
after opening the skull and removing the brain. The artery was first irrigated with water. 
After the injection, the part was covered with cotton-wool soaked in 10 per cent. formalin 
for 24-48 hrs to coagulate the latex. The roof of the orbit was then opened and all 
branches of the ophthalmic artery were carefully dissected. The mode of origin of the 
central artery was studied in detail. Then the eyeball, with the entire length of the optic 
nerve, and the ophthalmic artery, with its branches, were removed. 


(ii) In twenty autopsy specimens the orbital contents (enclosed in orbital periosteum) 
were removed through the intra-cranial route as described by Ashton (1952). A metal 





* Received for publication March 3, 1959. 
tT@ A Bt of Bis cope | is abridged from a thesis accepted for the Master of Surgery Examination of the Punjab 
niversity, 
(ii) A part of this paper in abridged form was accepted for reading at the vie International Congress of 
Ophthalmology, Brussels, 1958. 
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cannula was inserted into the internal carotid artery. Both ends of the cavernous and 
intra-cranial portions of the internal carotid artery were ligated. Alternatively, the 
cannula was introduced directly into the ophthalmic artery and tied in. The specimens 
were irvigated and treated as described by Ashton (1952). Latex was then injected 
through the cannula and the specimens were transferred to a mixture of 4 per cent. acetic 
acid and 4 per cent. Formalin for about 24 hrs in order to coagulate the rubber and to fix 
the tissues (Smith and Henry, 1945). The central artery of the retina was then dissected. 

When the central artery was not filled satisfactorily by these two techniques of injection, 
a direct injection into the artery was tried. 


(iii) In the later stages of this study, in 36 specimens, a different technique was tried. 
They were treated as described in Technique (ii) as far as the stage of irrigation. After 
this they were dissected and the central artery exposed. The ophthalmic artery was 
ligated distal to the origin of the central retinal artery and the latex was injected through a 
cannula introduced into the ophthalmic artery at its point of origin. The advantage 
was that the injection into the central artery was under direct vision and its filling was seen 
clearly. 


The specimens injected by the first and the third techniques were from ordinary 
dissection-room cadavers, and those injected by the second technique were fresh 
autopsy specimens. The extent of filling of the central artery by the various 
techniques is shown in Table I. In the five specimens which were distorted during 
maceration, no conclusion could be drawn regarding the extent of injection. 



































TABLE I 
FILLING OF CENTRAL RETINAL ARTERY BY VARIOUS TECHNIQUES 
| Central Retinal Artery Filled 
Total No. Specimens 
Technique | of Speci- |__ Only in | Only in Distorted 
Used mens intra-orbital | oon lng Not during 
Examined | Completely | and intra- orbital at all Maceration 
vaginal 
parts out 
(i) 44 18 z | 12 5 pA 
(ii) 20 14 3 Nil Nil 3 
(iii) 36 30 2 4 Nil Nil 
| 62 | 12 | 16 5 5 


Total | 100 





(2) Maceration of Specimens.—After removal of all extraneous tissues the 
specimens were macerated by the following two techniques: 


(i) Fifty specimens were macerated in organic enzymes at 37°C. Each specimen 
was first placed in a solution of pepsin in N/10 HC] for 10 to 14 days; later it was carefully 
transferred to a solution of trypsin in 10 per cent. NaHCO; and incubated for another 
10 to 14 days. The maceration was not allowed to proceed too far lest the specimen 
became distorted. 


Later, this method was replaced by the following quicker method: 


(ii) Fifty specimens were macerated in 20 per cent. HC1 at 60 to 70°C. The macer- 
ation was adequate in about 12 hours. Another advantage was that the sheath of the 








ce 
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optic nerve became gelatinous and semi-transparent, so that the blood vessels containing 
clotted blood or injected material could be clearly seen through, as they lay on the pia 
of the nerve or in the sheath of the nerve, even before the dissection of the sheath. 


(3) Dissection of Specimens.—The origin and the intra-orbital part of the central 
artery were studied before maceration and the rest of the study was carried out 
after maceration. Dissection was carried out under a wide-field stereoscopic 
binocular dissection microscope with direct illumination from a high-power lamp 
with low-voltage filament. Distances were measured under the microscope with 
a graduated caliper. The specimens were fixed with pins on wax plates for 
dissection. The course and branches of the central artery of the retina were 
traced by careful dissection. The finer branches were seen only under high 
magnification (x 100). 


(B) Histological Studies 


Six autopsy specimens of the region of the optic nerve containing the central 
artery of the retina were embedded in paraffin and serially sectioned. In two of 
these specimens (belonging to one person) all the clots were cleared out by the 
method of Ashton (1952). A 3 per cent. solution of prussian blue was injected 
into the central artery (Technique iii) before sectioning. Graphic reconstructions 
were made of these two specimens. The sections were stained with Heidenhain’s 
modification of Mallory’s azan technique. In the two specimens in which prussian 
blue was injected, a 1 per cent. solution of light green was used as a counter-stain, 
instead of orange G-aniline blue mixture, so that the colour of the prussian blue 
was not masked. 


Observations 


Ophthalmic Artery.—The origin of the central artery of the retina is closely 
related to the origin and course of the parent trunk, the ophthalmic artery. 
In 102 specimens of this series (100 latex-filled and two filled with prussian 
blue) the origin of the ophthalmic artery was seen to be as follows: 


(a) In 96 specimens it arose from the internal carotid artery (Fig. 1, A, overleaf). 


(b) In four specimens it arose from the internal carotid artery in the usual way, 
but the major contribution of blood to the ophthalmic artery came from the 
middle meningeal artery through a marked enlargement of the anastomosis 
between it and a recurrent meningeal branch of the lacrimal artery. In 
these cases the calibre of the artery between its origin from the internal 
carotid artery and the point of the origin of the lacrimal artery was much 
smaller than normal (Fig. 1, B, C, D, E, and Figs 2 and 3, overleaf). 


(c) In two specimens the arrangement was the same as in (4), except that the 
trunk of origin from the internal carotid artery was obliterated in its 
intra-canalicular course. Thus the middle meningeal artery was the only 


source of blood supply to the ophthalmic artery (Fig. 1, F, and G). 
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Fic. 1.—Variations in origin and course of ophthalmic artery. 


(A) Normal pattern. 
(B, C, D, E) The ophthalmic artery arises from the internal carotid artery as usual, but the 


major contribution comes from middle meningeal artery. i ; 
(F, G) The only source is the middle meningeal artery, as the connexion with the internal 
carotid artery is either absent (F) or obliterated (G). 


(1) Internal carotid artery. (8) Medial posterior ciliary artery. 

(2) Middle meningeal artery. : (9) Lateral posterior ciliary artery. 

(3) Ophthalmic artery trunk from internal (10) Muscular artery to inferior oblique and 
carotid artery. inferior rectus. 

(4) Ophthalmic artery trunk from middle (11) Ethmoidal artery. 
meningeal artery. ON =Optic nerve. 

(5) Terminal part of ophthalmic artery. OC =Optic canal. 

(6) Lacrimal artery. SOF =Superior orbital fissure. 


(7) Central retinal artery. 


To facilitate the description of the site of origin of the central artery in 
the following pages, the course of the ophthalmic artery has been divided 
into three parts: the first part lying along the infero-lateral aspect of the 
optic nerve; the second part passing over or under the optic nerve to go 
medially; and the third part lying medial to the optic nerve. The bend 
between the first and the second parts is termed the “‘angle”’ (Fig. 4, opposite). 


Number of Central Retinal Arteries in any One Specimen.—The literature 
contains no reference to the existence of more than one central artery of 
the retina in any one specimen. In two specimens of the present series, 
there are two central arteries, each arising independently from the ophthal- 
mic artery. 
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Fics 2 and 3.—Specimens illustrated in Fig. 1, D and 1, E as seen from below. The origin 
and intra-orbital course of the central retinal artery are also seen. 


CAR =Central artery of retina 

OA =Ophthalmic artery 

LPCA = Lateral posterior ciliary artery 
MPCA = Medial posterior ciliary artery 
PPS = Point of piercing optic sheath 
Intracan.=Intra-canalicular 








Third part 






Second part 


: Angle 
Optic Nerve eee N ne oe sats 
Optic Cana thalmic Optic artery 
ee tery Carotid Artery 
A B 


Fic. 4.—Course of ophthalmic artery. (A) The artery crosses UNDER the optic nerve; (B) the 
artery crosses OVER the optic nerve. 
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In one of these specimens, the two central retinal arteries run independenily 
up to the optic disc, and pierce the sheath of the optic nerve at points 12 mm. 
and 5 mm. behind the eyeball on its lower lateral aspect. At the optic disc 
the two join to form a loop, from the summit of which arise terminal branches 


which follow the usual course (Fig. 5). 


Terminal Branches 


WY 


CAR(2) 


CAR(I) 


1 v 
/ , ge 
Fic. 5.—Two retinal arteries, CAR (1) and (2), of independent origin. The intraneural course and 


termination of the two arteries are shown as seen from above on splitting open the optic nerve 
and eyeball. Branches (1, 2, 3, 4) from the intraneural course of the smaller artery are also seen. 


In the other specimen, the two arteries unite to form one trunk at the 
point of entry into the sheath of the optic nerve (Fig. 1, B). 


Origin of the Central Artery of the Retina.—References to the origin of the 
central artery in the literature are scanty and incomplete, and there is no 
uniformity of opinion between different workers (Meyer, 1887; Magitot, 
1908; Quain, 1909; Beauvieux and Ristitch, 1924; Whitnall, 1932; Wolff, 
1939, 1954; Kershner, 1943; Duke-Elder, 1946; Sudakevitch, 1947; Traquair, 
1949; Wybar, 1956; Steele and Blunt, 1956). The number of specimens 
reported has been too small for any definite conclusion to be reached. 
Sudakevitch (1947) reported findings from 103 specimens, and Beauvieux 
and Ristitch (1924), Wybar (1956), and Steele and Blunt (1956) examined 
twenty, seventeen, and thirty specimens respectively. A-complete analysis 
of results has been presented only by Beauvieux and Ristitch (1924). 
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(A) Source of Origin. 

(i) All the authors quoted above describe the ophthalmic artery, a branch 
of the internal carotid artery, as the source of origin of the central artery. 
This is true of 100 specimens (out of 102) in the present series, in which 
the ophthalmic artery arose from the internal carotid artery. (Fig. 1, A, 
B, C, D, E). 


(ii) The central artery of the retina may at times, however, arise from an 
ophthalmic artery which itself arises from the middle meningeal artery 
(Traquair, 1949). Two such cases in which communication with the 
internal carotid artery was obliterated were seen in the present series 
(Fig. 1, F, G). 


Our findings further indicate that, though the main source of blood supply 
to the ophthalmic artery may be the middle meningeal artery, yet is also 
often a small trunk connecting the internal carotid artery to the ophthalmic 
artery (Figs 1, B, C, D, E, 2, 3). The central artery of the retina may arise 
from this latter trunk. Four specimens out of the 100 included in (i) above 
were of this type. 


Finally, it is possible for two central arteries to be present each with a 
different source, corresponding to the description in (i) and (ii) above. 
Out of the four specimens included in the above paragraph, one was of this 
type (Fig. 1, B). 


(B) Site, Order of Branching, and Mode of Origin (Table II, overleaf) 


(1) SrITEOF ORIGIN 

(i) Wolff (1939), Duke-Elder (1946), and Traquair (1949) state that the 
artery arises close to the optic canal at the apex of the orbit. Meyer (1887) 
and Kershner (1943) state it branches from the ophthalmic artery while 
the latter is still within the sheath of the optic nerve at the apex, but this 
site of origin was seen only in 1-78 per cent. of the present series and in 
them the central artery arose from the ophthalmic artery after the latter had 
emerged from the optic nerve sheath. 


(ii) According to Sudakevitch (1947), the artery may arise anywhere 
along the first part of the ophthalmic artery and very rarely distal to this 
point. In the present series, this site of origin was seen in only 22-12 per 
cent. of cases. 


(iii) The “angle” of the ophthalmic artery was the commonest site of 
origin in the present series (57-69 per cent.). 


(iv) Sudakevitch (1947) stated that very rarely the artery might arise from 
the second part of the ophthalmic artery; no other worker has described such 
an origin, but in the present series this site was seen in 18-27 per cent. of 
cases, 
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TABLE II 
SITE, ORDER, and MODE OF ORIGIN 


Ophthalmic Artery 
Crosses 

Total — 
Incidence | Over Under 
Optic Optic 
Nerve Nerve 
From first part of ophthalmic artery ¢. Ke: ‘ 20-20 1-92 
From angle of ophthalmic artery a pe ‘ 51-92 5-77 
From second part of ophthalmic artery BP : 4-81 13-46 
From third part of ophthalmic artery ‘ . on aS 


As first branch of ophthalmic artery .. Sr : 74°51 2:94 
As second branch of ophthalmic artery ra . 2:94 15-69 
As third branch of ophthalmic artery . . we ° 0-98 2-94 
As independent branch . A = 21-15 16-35 
With medial posterior ciliary artery “% as 37-50 33-65 3-85 
With lateral posterior ciliary artery .. 7 11-54 11-54 Nil 
With MPCA LPCA and muscular arteries... 1-92 1-92 Nil 
With MPCA and LPCA ; : ot 481 481 Nil 
With MPCA and muscular artery ye Re 2°88 1-92 0-96 
With muscular artery ie es 2-88 2:88 Nil 
With lacrimal artery and LPCA % és 0-96 0-96 Nil 


78-43 21°57 
per cent. | per cent. 
































Total Number of Specimens Examined .. ss hes 102 














* In these specimens the ophthalmic artery arose from the middle meningeal artery. 


(v) When the central artery arises from a branch of the middle meningeal 
artery, its site of origin is on the medial side of the optic nerve. 


(2) ORDER OF BRANCHING FROM THE OPHTHALMIC ARTERY.—According 
to Meyer (1887), Whitnall (1932), Sudakevitch (1947), and Wybar (1956), 
the central artery arises as the first branch of the ophthalmic artery. 
Beauvieux and Ristitch (1924), however, described it as the first branch of 
the ophthalmic artery in only one out of their twenty specimens, and as 
the second branch in six specimens. In the present series the central retinal 
artery was the first branch in 77:45 per cent., the second in 18-63 per cent., 
and the third in 3-92 per cent. (Table II). 


(3) Mope OF OriGiIN.—The artery may arise independently or in 
common with some other branch of the ophthalmic artery (Table II). 


(a) Independent (Figs 2, 3, 14); 

(6) In common with the medial posterior ciliary artery (MPCA) (Fig. 7). 
(c) Incommon with the lateral posterior ciliary artery (LPCA) (Fig. 8). 

(d) By a trunk common to the MPCA, LPCA, and muscular arteries. 
(e) By a trunk common to the MPCA and LPCA. 
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(f) By a trunk common to the MPCA and muscular artery. 
(g) In common with the muscular arteries. _ 
(A) In common with the lacrimal artery and the LPCA. 


Previous authors have made the following observations: 


(i) According to Kershner (1943), Traquair (1949), and Wybar (1956), 
the artery arises as an independent branch. 

(ii) Magitot (1908), Quain (1909), Wolff (1939), and Sudakevitch (1947) 
state that it usually arises in common with the medial posterior ciliary 
artery. Meyer (1887) and Wybar (1956) also describe such a mode of origin 
but do not give its relative frequency. 

(iii) The central artery may also arise in common with the lateral posterior 
ciliary artery (Wybar, 1956), the posterior ciliary artery (PCA) (Soemmerring 
and Weber, cited by Beauvieux and Ristitch, 1924; Magitot, 1908; Kershner, 
1943; Traquair, 1949); the posterior ethmoidal or lacrimal artery (Merckel, 
1874); and the muscular arteries (Soemmerring and Weber, cited by 
Beauvieux and Ristitch, 1924; Sudakevitch, 1947). 

In Table III, the findings of the present study are compared with those of 
other workers who have furnished details. 


TABLE III 
COMPARISON OF MODE OF ORIGIN WITH THAT SEEN BY OTHER AUTHORS 





No. | Indepen- : ‘ 
Auth With With 
uthor 5%,.| pitt, mPCA | LPCA With Any Other Branch of 
i (eer cals. (per cent.) | (per cent.) phthalmic Artery 





Beauvieux With Medial Posterior Ciliary Art- 
and Ristitch ery and Lateral Posterior Ciliary 
(1924) | Artery in 5 per cent. 
With Short Posterior Ciliary Artery 
in 5 per cent. 





Sudakevitch 
(1947) 





Steele and 
With PCA in 6-7 per cent. 





Present Series (a) With MPCA and LPCA in 4-81 


(1960) per cent. 

(6) With MPCA, LPCA, and muscu- 
lar artery in 1-92 per cent. 

(c) With MPCA and muscular artery 
in 2-88 per cent. 

(d) With muscular artery in 2-88 per 


cent. 
(e) With lacrimal and LPCA in 0-96 
per cent. 
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An interesting fact that does not seem to have been noticed by the previous 
workers is that the crossing medially of the second part of the ophthalmic 
artery over or under the optic nerve affects the site, order, and mode of 
origin of the central retinal artery. Table II shows that, when the ophthal- 
mic artery crosses over the optic nerve, the central artery commonly arises at 
the “angle” or first part of the former, as its first branch, either independently 
or in common with some other artery. On the other hand, when the 
ophthalmic artery crosses under the optic nerve, the central retinal artery 
usually arises from its second part, as a second or third branch, and nearly 
always independently. 

Sudakevitch (1947), while stressing that’ the first part of the ophthalmic 
artery was the commonest site of origin of the central retinal artery, said that 
this site was of great importance from the haemodynamic point of view. 
The central artery of the retina receives its blood supply by the shortest 
route and almost in a direct line. According to him it is rare to find any 
site of origin other than this. He further stated that, whenever such a 
condition was present, nature provided anastomoses and accessory branches 
to compensate for the disadvantageous site of origin. In the present series, 
however, the central artery of the retina arose from the second part of the 
ophthalmic artery in 18-27 per cent. of cases, and no anastomoses and 
accessory branches were seen. 


Course of the Central Artery of the Retina 


No detailed description is available in the literature. For descriptive 
purposes the whole course of the central retinal artery may be divided into 
three distinct parts (Fig. 6, opposite): 


(1) Intra-orbital—This extends from the origin of the artery to its entry into 
the space between the optic nerve and the dural sheath. 

(2) Intravaginal.—This lies in the space between the optic nerve and the dural 
sheath. 

(3) Intraneural.—This lies within the substance of the optic nerve, and may be 
further subdivided into the vertical section and the horizontal section. 


(1) Intra-orbital.—The central retinal artery is usually described as having 
a tortuous intra-orbital course and this was the case in most specimens in 
the present series (Figs 2, 3, 7, 8), but not in all. This tortuosity is 
particularly marked near the point of entry into the dural sheath and in this 
locality coils of the artery are usually fixed to each other by thin fibrous 
sheets. 
(i) The intra-orbital part usually lies (in 90 per cent. of cases) free in 
fatty areolar tissue round the optic nerve, lightly adherent to the sheath 
of the nerve, as described by Wybar (1956). 
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Posterior ciliary 
C Dy) artery 




















on EGE AS) 
2J- TD S= Central arfery 
of retina 


Retina “—Choroid CZ- Circle of Zinn 


Fic. 6.—Schematic section of optic nerve and eyeball, showing the course and branches of the 
central retinal artery. 


Fics 7 and 8.—Origin and intra-orbital course of central retinal artery as seen from below. 
Coll. br. =Collateral branch. 





204 SOHAN SINGH AND RAMJI DASS 


(ii) Meyer (1887) and Magitot (1908) stated that the central retinal 
artery lay embedded in the folds of the dura beneath the optic nerve. This 
was true of only 6 per cent. of specimens in the present series. 


(iii) In 4 per cent. of cases it was adherent only near the site of entry 
into the sheath for a millimetre or so, and was free more proximally. 
Beauvieux and Ristitch (1924) found the central retinal artery adhering to 
the dural sheath by vascular fascia for 1 or 2 mm. only. 

At times the central retinal artery is surrounded in its intra-orbital course 
by a thick plexus of veins derived from the dural sheath and central retinal 


vein. 


SITE OF PENETRATION OF THE DURAL SHEATH BY THE CENTRAL RETINAL ARTERY.— 
Previous authors have not agreed on the exact site of this penetration: 

(i) Deyl (1896), Fry (1930), Wolff (1939), Kershner (1943), Duke-Elder 
(1946), Traquair (1949), and Steele and Blunt (1956) have stated that the dural 
sheath is pierced on the lower medial aspect of the optic nerve. According to 
Deyl (1896), during development, this is the site of the embryonic optic fissure 
where the mesenchyme invaginates the primary optic vesicle to form the vitreous, 
and it thus appears that the central retinal artery maintains its primitive position. 
This site was observed in 86-3 per cent. of the present series. 

(ii) Contrary to this view, Vossius (1912) thought that the artery pierced the 
sheath on its lower lateral aspect, believing that during development the nerve 
and eyeball rotated through an angle of 90°. This site was observed in 12-7 per 
cent. of the present series. 

(iii) Beauvieux and Ristitch (1924) found the site of penetration on the 
superior surface of the optic nerve in 20 per cent. of their specimens, but this site 
was not observed in the present series. 

(iv) In 1 per cent. of the present series the site of penetration was observed on 
the lateral side of the optic nerve. 


The distance of penetration of the sheath behind the eyeball has also been 
variously described by different authors (Table IV, opposite). 


The distance from the eyeball in various cases in the present series is compared 
with those observed by Beauvieux and Ristitch (1924) in Table V (opposite), which 
shows that most commonly the dural sheath is pierced about 10 mm. from the 
eyeball. 

After the artery has pierced the dural sheath of the optic nerve its course may be 
described as intravaginal. According to Beauvieux and Ristitch (1924), it pierces 
the sheath obliquely, running upwards and forwards within the sheath for about 
1 mm. before entering the intravaginal space. Wolff (1939), on the other hand, 
stated that the artery pierced the sheath by turning vertically upwards so that it 
pierced the dura and the arachnoid as it entered the intravaginal space. In the 
present series the artery was invariably seen to traverse the sheath obliquely 
upwards and forwards, remaining within the substance of the sheath for 0-3 to 
1-5 mm. 
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TABLE IV 


DISTANCE BETWEEN EYEBALL AND SITE OF PENETRATION OF DURAL SHEATH 
BY CENTRAL RETINAL ARTERY 


FINDINGS OF VARIOUS AUTHORS COMPARED 





Number of | Distance from the Eyeball at which the 
Authors Date Specimens | Sheath of the Optic Nerve is pierced by 
Examined the Central Retinal Artery (mm.) 





Magitot ve ah 1908 5-9 
Quain 4 ie 1909 
Vossius 1912 
Beauvieux and Ristitch 
Whitnall 

Wolff 

Kershner... 
Duke-Elder . 

Traquair ee 
Francois and Neetens 
Wybar ; 
Steele and Blunt 


Ceeae. tie 


wn— 
on 





S 
Ns) 


Present Series 














TABLE V 


DISTANCE BETWEEN EYEBALL AND SITE OF PENETRATION OF DURAL SHEATH 
PRESENT SERIES COMPARED WITH PREVIOUS FINDINGS 





Percentage of Specimens 





Distance from the Eyeball at 
which the Dural Sheath is Pierced 
by the Central Retinal Artery Beauvieux and 


(mm.) Ristitch (1924) Present Series (1960) 





Nil 
0:97 
0:97 
4°85 
2°91 
9-71 
3-88 
14-56 
10-68 
19-42 
6-79 
7177 
2-91 
5°82 
1:94 
Nil 
2°91 
2-91 
0:97 


MBWYNN TS SSOOCMMIIAMNS 
ASPNONSUNUSGUNGUNOUSNES6SCS 


ecm fash fh eh mech ch ch eh fh 





Number of Specimens Examined 
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This oblique piercing of the sheath is well seen in serial transverse sections and 
reconstructions (Figs 9, 10, 11). 







fot i %2 ‘ i q 
Fic. 9.—Central retinal artery lying outside Fic. 10.—Central retinal artery piercing the 
the dural sheath and adherent to it. 33. sheath (Section 330y anterior to Fig.9). x33, 





Fic. 11.—Central retinal artery lying within the 
substance of the sheath (Section 300» anterior 
to Fig. 10). x33. 

The artery may very rarely run backwards within the substance of the sheath. 


Contrary to the view of Wolff (1939), it pierced only the dura and not the arach- 
noid as it entered the intravaginal space (Figs 12, 13). 





Fic. 12.—Central retinal artery in subdural Fic. 13.—Central retinal artery enclosed in 


space. x 6], arachnoid tube (Section 2504 anterior to 
Fig. 12). x 38. 
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(2) Intravaginal.—That a distinct length of the central artery lies in the 
intravaginal space is unequivocally stated by Beauvieux and Ristitch (1924), 
Wolff (1939), Kershner (1943), and Traquair (1949), and has been confirmed 
by the present investigation (Fig. 14). 

In the present series, the existence of 
distinct subarachnoid and subdural spaces 
is clearly seen in the reconstructions and 
serial sections. In its intravaginal course 
the artery usually runs forwards for a short 
distance in the subdural space (Fig. 12) 
and for a much greater distance in the 
subarachnoid space (Fig. 13). The artery 
catries a prolongation from the dura, and 
it also carries from the arachnoid a tube- 
like prolongation which surrounds it in 
the subarachnoid space (Fig. 13). The 
intravaginal part of the artery is usually 
0-9 to 2-5 mm. long. The artery may be 
accompanied by the central retinal vein, 
but although this was described as invari- 
able by Beauvieux and Ristitch (1924) and 
Kershner (1943) it was found in only eight 
out of fourteen of our specimens in which 
the vein could be studied. The artery may 
also be accompanied by a collateral branch 
according to Beauvieux and Ristitch 
(1924), but this is by no means constant. 


In 7:8 per cent. of the specimens a_ Fic. 14.—Origin, intra-orbital, and intra- 


vaginal course of central retinal artery 
tortuous loop was formed by the artery a4 team frond below,  emichae taaek tae 


in its intravaginal course and in such cases _ intravaginal part running on the pia are 
the intravaginal part is much longer than *'S°s**". — oe 
usual. In 1 per cent. the artery looped so PPN =Point of piercing optic nerve. 


it ran backwards. 





(3) Intraneural._—All the authors who have studied this part of the central 
artery agree that when it enters the nerve it does not pierce the pia but the 
membrane is invaginated with it (Quain, 1909; Kershner, 1943; Duke-Elder, 
1946; Traquair, 1949). According to Wolff (1939), the entering vessel is 
clothed by the entire thickness of the pia and for a short distance by some 
subarachnoid trabeculae as well. Thus the pial vessels are also invaginated 
into the optic nerve. Beauvieux and Ristitch (1924) have described a 
vascular fascia preceding these vessels into the centre of the optic nerve in the 
Tegion just proximal to the point of entry of the central artery into the 
nerve. 
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In the present investigation, it was observed that the artery entered the 
optic nerve substance through a small depression situated on a well-defined 
fissure on the lower surface of the nerve (Fig. 15). A very clear fold of pia 
was seen to be invaginated by the artery into the nerve along the optic 
nerve fissure, and this pial invagination extended for a short distance pos- 
terior to the site of entry of the artery (Fig. 16). The site of entry of the 
nerve was always 1-2 to 3-5 mm., anterior to the site of penetration into the 
dural sheath, except in one specimen in which it was situated 4 mm, 
posteriorly. 


Optic Central 
nerve Retinal 


Vein 


' wPial 


. Invagination 





Fic. 15.—Intravaginal course of 


central retinal artery along with nerve, showing a fold of pia invagin- 
branches arising from this part as ated into the nerve and preceding the 
seen from below. The mode of penetration of the artery into the nerve. 
penetration of the artery through The artery lies at its site of penetration 
a well-marked optic fissure is clear- (Section 1,240 anterior to Fig. 13). 
ly seen. x 38, 


The intraneural part of the central retinal artery has two distinct sections 
—vertical and horizontal: 


VERTICAL 


(i) This section may run upwards and slightly forwards (89-06 per cent.) to 
reach the centre of the nerve. This agrees with the descriptions of Beauvieux and 


Ristitch (1924), Kershner (1943), and Duke-Elder (1946). 


(ii) Wolff (1939), Traquair (1949), and Wybar (1956), however, described 
this section as running vertically upwards, but this was seen in only 7:8 per cent. of 
the present series. 


(iii) In 3-13 per cent. (serial reconstructions) the artery ran upwards and 
backwards, and this course has not previously been described (Fig. 17, opposite). 
The transition from the vertical to the horizontal was gradual, no sharp angle 
being formed at this point (Figs 6, 18). Wolff (1939), Duke-Elder (1946), and 
Wybar (1956) state that an angle of 90° is formed at the centre of the optic nerve. 




















ao 





THE CENTRAL ARTERY OF THE RETINA. I 209 





Fic. 17.—Transverse section of optic nerve after 
injection of 3 per cent. prussian blue into the 
central retinal artery, showing the mode of pene- 


tration of the artery into the nerve. The intra- 
neural part of the central retinal vessel is also 


seen lying in the centre of the nerve as the artery 
in this case runs upwards and backwards in its 
vertical intraneural section. x 21. 


HORIZONTAL 


This section runs forwards in the centre 
of the optic nerve and passes through the 
centre of the lamina cribrosa to reach the 
optic disc, where it divides into its terminal 
branches (Fig. 19). 

In its horizontal intraneural course the 
central retinal artery was found by Quain 
(1909) to run with the corresponding vein 
surrounded by fibrous and elastic tissue 
and accompanied by small parallel branch- 
es, the vein being longer than the artery. 
Magitot (1908) and Beauvieux and Ristitch 
(1924) found that the artery was sur- 
rounded in this part by vascular fascia 
which gradually diminished and came to an 
end just at the point of entry of the artery 
into the eyeball. In the serial sections 
studied in the present investigation it was 
observed that the artery was enclosed in a 
fibrous tissue envelope, which in turn was 
continuous with the fibrous septa of the 
optic nerve (Figs 20 and 21, overleaf). 
This agrees with the findings of Duke-Elder 
(1938). The artery was loose inside this 
envelope, the space surrounding being 
visible on dissection. No such space 
was seen around the central retinal vein, 
14 






































Fic. 18.—Intraneural course of 
central retinal artery as seen on 


splitting open the optic nerve 
along the optic fissure from below. 


Fic. 19.—Termination of central retinal 
artery at optic disc as seen on splitting 
open the optic nerve and eyeball from 
below. Sacculations of terminal part of 
artery and its terminal branches are seen. 
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which lay beside the artery on the lateral side and was also enclosed in a fibrous 
envelope. The two vessels may lie in close apposition (Fig. 21) or they may 
be separated by fibrous tissue, and at places even nervous tissue may intervene. 


Fic. 20.—Transverse section of optic nerve Fic. 21.—Transverse section of optic nerve, 
showing central retinal artery in the centre of showing retinal vessels lying side by side in 
the nerve along with venous tributaries. The the centre of the nerve (Section 1930u 
central retinal vein has not yet reached the anterior to Fig. 19). x 87. 

centre. A space is seen around the artery 

(Section 3880, anterior to Fig. 16). x 87. 


It was observed that it was not essential for the central retinal artery to travel 
in the centre of the optic nerve to reach the lamina cribrosa. In one specimen 
the vertical section was virtually absent, so that the artery ran straight to the centre 
of the lamina cribrosa from its point of penetration into the nerve; the vein, 
however, occupied the usual position at the centre. In the specimen with a 
duplicated central retinal artery, the two vessels lay side by side at the centre 
of the nerve (Fig. 5). 


(4) Bends of the Central Artery of the Retina.—A study of the course of 
the central artery of the retina shows that between its origin and its termin- 
ation at the optic disc it makes four main bends (Fig. 6): 


(i) Where the artery pierces the dural sheath of the optic nerve. 


(ii) Where having pierced the dural sheath, it runs within the intravaginal 
' space. 


(iii) Where the artery enters the optic nerve substance. 


(iv) Inthe centre of the nerve between the vertical and the horizontal sections 
of the intraneural part of the artery. 


Wolff (1939) and Traquair (1949) have described these bends; Wolff 
(1939) was of the opinion that they are all right-angled, but Traquair (1949) 
did not mention the angle. In the present investigation it was observed that 
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all these bends made obtuse angles, the first and second being more obtuse 
than the third and fourth (Fig. 6). The second and the third bends were 
acute in the one specimen in which the intravaginal part of the artery ran 
backwards. The third and fourth bends were acute in two cases in which 
the vertical section ran upwards and backwards instead of following the 
usual direction upwards and forwards. When the intravaginal part of the 
artery was tortuous additional bends were present. 


Summary 


The origin and course of the central retinal artery was studied in 106 
human orbits, 100 specimens by injection with liquid Neoprene latex and 
six by serial sectioning of the part of the optic nerve containing the central 
retinal artery. In two of the sectioned specimens 3 per cent. prussian blue 
was injected into the artery and graphic reconstructions were made. 

In two specimens double central retinal arteries were present, which 
arose independently from the ophthalmic artery. 

The central retinal artery may arise from the ophthalmic artery or very 
rarely from the middle meningeal artery. It may arise as the first, second, 
or third branch of the ophthalmic artery, from its first or second part, or 
from the angle between them. It may arise as an independent branch or 
in common with other branches of the ophthalmic artery. Its origin is 
closely related to the origin and course of the ophthalmic artery. 

The course of the central retinal artery was studied in detail, and three 


distinct parts (intra-orbital, intravaginal, and intraneural) are described, and 
the different variations noted. 
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couragement and guidance. We also wish to express our thanks to Messrs. Du Pont De Nemours 
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accessories free of cost. We are grateful to Dr. W. J. Walker M.B., Ch.B (Edin.), who translated 
from French the article by Beauvieux and Ristitch (1924), which has been of great help in this 
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EXPERIMENTAL DEGENERATION OF THE RETINA* 
V. FASTING AND METABOLIC ACCELERATORS 
IN DEGENERATION PRODUCED BY 
SODIUM FLUORIDE 
BY 
ARNOLD SORSBY 


Wernher Group for Research in Ophthalmological Genetics (Medical Research Council) 
Royal College of Surgeons of England 


AND 
RONALD HARDING 
Royal Eye Hospital 


SopIUM fluoride, a known inhibitor of glycolysis, has been tried without 
success by Karli (1954), Babel and Ziv (1956), and Sorsby and Nakajima 
(1958a) in attempts to produce retinal degeneration in the rabbit. These 
observers had all used other inhibitors of glycolysis in essentially exploratory 
experiments and their negative results for fluoride and other agents were 
based on small series. Degeneration of the retina in the rabbit was, however, 
obtained by Sorsby and Nakajima in five out of 24 rabbits treated with a 
single intravenous injection containing both sodium fluoride and sodium 
cyanide; they used this combination on the assumption that interference with 
both glycolysis and respiration (cyanide is an inhibitor of respiration) might 
produce degeneration when interference with glycolysis only was ineffective. 
As several other inhibitors of glycolysis and of respiration used together failed 
to produce retinal damage, and the effect of the combined use of sodium 
fluoride and sodium cyanide was obviously not constant, the question was 
posed whether the positive results obtained with fluoride and cyanide in 
combination were indeed due to the simultaneous interference with both 
glycolysis and respiration, or were merely occasional effects seen with either 
fluoride alone or cyanide alone. The present study carries these investi- 
gations further by a fuller assessment of these two agents separately, both in 
the normal rabbit and in the rabbit with induced derangements of carbohy- 
drate metabolism. 


Material and Methods 


Dutch rabbits were used throughout. All administrations were given intra- 
venously, the quantity of solution injected being generally about 5 to 6 ml. 
Ophthalmoscopic control was carried out daily, and histological control at the 
end of the experiment in most cases. In the course of the work with fluoride it 
was found that young rabbits tolerated injections better than fully-grown animals. 
Most of the work recorded here was therefore carried out in animals 4 to 6 months 
old, weighing 3 to 4 Ib. 





* Received for publication May 20, 1959. 
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Results 
(1) Sodium Fluoride (Table I, i and ii) 


Single Injections.—A total of 115 rabbits was treated with a single intra- 
venous injection of sodium fluoride, (Table I, i), and seventeen of the 94 
survivors showed retinal lesions. With a dose of 50 mg./kg., the losses 
were not too crippling and there was little to suggest that the higher doses 
gave any greater incidence of positive results. In this series, about 15 to 20 
per cent. of rabbits therefore suffered retinal damage from a single injection. 


Repeated Injections.—Of the rabbits that showed no response to a single 
injection, 27 were given repeated injections of 50 mg./kg., at weekly intervals 
(Table I, ii). Of the 27 which received a second injection, two showed 
retinal lesions and of eighteen that had three injections one gave a response. 
No retinal lesions developed in six rabbits which received a fourth and fifth 
injection and in three and two rabbits which received a sixth and seventh 
injection respectively. Some of these animals were kept under observation 
for some 3 months to exclude the possible development of delayed lesions. 


TABLE I 


FREQUENCY OF RETINAL LESIONS PRODUCED BY INTRAVENOUS 
INJECTION OF SODIUM FLUORIDE AND SODIUM CYANIDE IN THE RABBIT 





Number of Survivors 


No. of Dose Number 
Injections*| (mg./kg.) died With ; 
F - Without 
Retinal Lesi 
Lesion sous 








(i) Sodium Fluoride 


— 


SONONN /] YWNOAN 





(ii) Sodium Fluoride 
(Rabbits not res- 
ponding to single 

injection) 





(iii) Sodium Cyanide 0-:37—0:5 
and 
Sodium Fluoride 37—65 
(iv) Sodium Cyanide | 0-5 13 


























(a) One animal showed a lesion in one eye only. 

(6) One of these animals is the rabbit that developed a retinal lesion in one eye from a single injection. Further 
injections neither enhanced this lesion, nor precipitated a lesion in the other eye. i 
Pe . One further animal had received a dose of 60 mg./kg. and was given two more doses without developing a retinal 

jon. ; 

(d) This series includes the 24 cases with 5 positive results recorded previously (Sorsby and Nakajima, 1958), i.e. there 
were 2 further positive results in 11 additional survivors. 

* At weekly intervals, where more than one injection was given. 
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(2) Sodium Fluoride and Sodium Cyanide (Table I, iii) 


In addition to the five positive responses in 24 rabbits previously recorded, 
there were two more responses in a further eleven rabbits treated. The 
incidence of positive results is therefore of very much the same order as that 
given by sodium fluoride alone. 


(3) Sodium Cyanide (Table I, iv) 


Of thirteen rabbits treated with sodium cyanide 0-5 mg./kg., none showed 
any retinal lesions. Two further injections at weekly intervals were given 
(with a loss of one animal from a second injection) without any retinal 
response. 


(4) Facilitating Effect of Hypoglycaemia induced by Fasting and Insulin 
(Table II, i, overleaf) 


Hypoglycaemia with a blood sugar level of about 30-40 mg./100 ml., is 
readily obtained in the rabbit by the subcutaneous injection of insulin 3 
units/kg., after preliminary fasting for 24 hours. If sodium fluoride acts as 
an inhibitor of glycolysis, it was thought that by reducing the blood sugar 
available to the tissues to the lowest point compatible with life, the effect of 
the fluoride on the retina, which is particularly dependent on glucose, might 
beenhanced. As can be seen from Table II (i), this appeared to be the case. 
When 28 rabbits that had proved resistant to sodium fluoride (23 at 50 
mg./kg., and five at 40 mg./kg.) were made hypoglycaemic and given a 
further injection of fluoride, fourteen now showed retinal lesions on ophthal- 
moscopic examination. A somewhat similar result was obtained with thir- 
teen rabbits that had proved resistant to treatment by sodium fluoride and 
sodium cyanide combined; here five animals developed retinal lesions. In 
contrast, fasting and insulin did not precipitate retinal lesions in twelve ani- 
mals treated with sodium cyanide alone. 


(5) Facilitating Effect of Fasting Alone (Table II, ii; Table III, overleaf). 


Table II (ii) suggests that the effect observed from insulin hypoglycaemia 
following on fasting is also obtained by fasting alone. Of seven animals 
Tesistant to fluoride, four showed a retinal lesion when a second injection was 
given after 24 hours fasting (though no such facilitating effect was observed 
with the five animals treated similarly with sodium fluoride and sodium 
cyanide in combination—possibly because of inadequate dosage). 

That fasting and not hypoglycaemia is indeed the facilitating factor is 
shown by the data in Table III. Of 72 rabbits fasted for 24 hours and 
treated with sodium fluoride in doses of 40-60 mg./kg., 52 survived, and of 
these 33 showed retinal lesions—a striking contrast to seventeen out of 94 
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TABLE II 


FREQUENCY OF RETINAL LESIONS PRODUCED BY INTRAVENOUS INJECTION OF 

SODIUM FLUORIDE, SODIUM CYANIDE, AND THE TWO COMBINED, IN RABBITS 

SCREENED FOR A POSITIVE RESPONSE AND THEN PRE-TREATED BY HyYPoO.- 
GLYCAEMIA AND BY FASTING 












































No. of No. of : No. 
Pre-treatment of Sea rat soe sa Injections | Screened psetciey without 
Screened Animals 8 ees kg.) | €ivenin | Animals | yesion | Retinal 
“uee’ | Screening Used Lesions 
50 1 14 eee 
z : 50 2 7 4 3 
Sodium Fluoride 
; 50 3 2 0 2 
(i) 24 hrs Fasting 
) 3 kg. Insulin 40 I 5 2 3 
urther Injection : : | ere 
of Agent after vireaert peer 40 2 or 3 13 5 8 
90 min. : : " 
Sodium Cyanide 0:5 
Sodium Cyanide | 0-5 | 3 12 | 0 | 12 
| Sodium Fluoride | 50 | 3 Poe | 3 
(ii) Further Injection 
of Agent after | Sodium Fluoride 40 | 
24 hrs Fasting _ and 3 5 0 5 
Sodium Cyanide 0-5 | 
TABLE III 


FREQUENCY OF RETINAL LESIONS PRODUCED BY INTRAVENOUS INJECTIONS 
OF SODIUM FLUORIDE IN RABBITS THAT HAD FIRST BEEN FASTED 























} 
Period Retinal | No. without 
GP) pve per) oo) No, | wo, | Beem (ima eri, (ng 
nj be Ps wo . a Ketina 
Fasting | (mg./ke.) | tions Treated | Died Further | Died | esion 
Injections 
Dab aca 
60 1 20 8 9 3 2 1 0 
oe ee ee pe eae” Beer 8 r1.9 
40 1 19 6 S(a)| 8 96) 2 0 
30 1 9 2 7 3 0 0 
50 1 12 | o | 6 0 $5 
48 | 50 | 1 | 10 | ie” | 5 
12 | 50 | ] 12 | 0 | 2 | 10 











(a) One animal showed a lesion in one eye only. ; has 

(b) One of these animals is the rabbit that developed a retinal lesion in one eye from a single injection. Further 
injections neither enhanced this lesion, nor precipitated a lesion in the other eye. 

* Experiment carried out during a cold spell. 


treated with fluoride without preliminary fasting recorded in Table I (i). 
This series is, however, similar to the series in Table I, in that repeated 
injections administered to the nineteen resistant animals—resistant to fasting 
and fluoride—were not very productive of retinal damage. It would also 
appear that doses below 40 mg./kg., are ineffective even after the facilitating. 
effect of 24 hours fasting. 
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Variation in Fasting Time-—Two batches of twelve and ten animals respectively 
were submitted to 48 hours fasting, and one batch of twelve to 12 hours fasting, 
before being given an intravenous injection of sodium fluoride 50 mg./kg. In the 
first batch, six died within 48 hours during an exceptionally cold spell of weather; 
the six survivors all showed retinal lesions. In the second group of ten, there was 
one fatality and four of the nine survivors showed retinal lesions. Of the twelve 
rabbits fasted for 12 hours before treatment, only two showed retinal lesions 
(Table II). 


(6) Effect of Other Induced Metabolic Disturbances (Table IV) 


(i) Sugar Depletion by Insulin.—The effect of insulin in rabbits not sub- 
jected to preliminary fasting is very variable. With doses of 5 u./kg., a lethal 
hypoglycaemia is rare. Generally the blood sugar declines markedly, some- 
times after an initial rise; one hour and a half after subcutaneous injection 
levels as low as 30 mg. were not uncommon, whilst levels of 40-60 mg./100 ml. 
were frequent. As can be seen from Table IV (i), 32 animals were subjected 
to subcutaneous injection of insulin 5 u./kg., and 90 minutes later were given 
50 mg./kg., sodium fluoride. Of the 23 survivors, only five showed an 
ophthalmoscopic lesion. A second treatment of the eighteen irresponsive 
rabbits (and one rabbit that had a lesion in one eye only) produced three 
fatalities and four positive retinal responses, whilst seven surviving and 
resistant animals responded to a thirc. treatment with three positive results, 
three deaths, and one residual resistant rabbit (which also remained resistant 
to a fourth treatment). In all, insulin depletion of sugar therefore produced 


TABLE IV 


FREQUENCY OF RETINAL LESIONS PRODUCED BY INTRAVENOUS INJECTION 
OF SODIUM FLUORIDE IN RAREETS SUBJECTED TO PRE-TREATMENT OTHER 
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(a) One animal showed a lesion in one eye only. 

(6) One of these animals is the rabbit that developed a retinal — in one eye from a single injection. Further injections 
ther enhanced this lesion, nor precipitated a lesion in the other ¢ 

(2) Five rabbits—three with retinal lesions and two without—died fairly suddenly on the fourth and fifth day. 

* Sodium fluoride was administered 6 hrs after tri-iodo-thyronine. 
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lesions in twelve out of 23 animals, though repeated treatments were needed 
to reach this total. There appeared to be no relationship between the degree 
of relative hypoglycaemia and the susceptibility to fluoride. The positive, 
no less than the negative results, were scattered over the whole range of blood 
sugar levels observed. 

(Insulin zinc protamine did not appear to have any advantages over soluble 
insulin. Eight rabbits were treated with subcutaneous injection of insulin 
zinc protamine 3 u./kg. on 3 to 5 successive days and given an injection of 
fluoride 2 hours after the last administration of insulin; two died and two 
showed retinal lesions.) 


(ii) Alloxan Diabetes——Of 25 rabbits given intravenous injections of 
alloxan 150 mg./kg. (Table IV, ii), seventeen survived for 6 days or longer; 
of these, five proved resistant to alloxan and the remaining twelve developed 
diabetes with a biood sugar in excess of 250 mg./100ml. Sodium fluoride 
50 mg./kg., was given intravenously in these twelve animals and produced 
retinal lesions in three. There was no direct relationship between the level of 


blood sugar and a positive response or lack of it. 


(iii) Dinitrophenol.—Of 22 rabbits treated with 20 mg./kg. dinitrophenol 


injected intravenously, followed 90 minutes later by an intravenous injection 


of sodium fluoride 50 mg./kg., nineteen survived, of which nine developed 
retinal lesions. The ten resistant animals were given a second treatment 


14 days later; seven survived, of which two developed retinal lesions. In all, 


of nineteen animals submitted to one or two treatments, eleven showed 
retinal lesions. 

(iv) Thyroid—Nine rabbits were given 3 mg./kg., L-tri-iodo-thyronine 
sodium intravenously, and 6 hours later a further injection of 50 mg./kg. of 


sodium fluoride. Within 3 days four showed retinal lesions ophthalmosco- 
pically. (On the fourth and fifth days three of the rabbits with fundus lesions 


and two without fundus lesions died fairly suddenly.) 


(v) Synthalin B—Of twelve rabbits given an intravenous injection of 
Synthalin B (dodecamethyleneguanidine) 3 mg./kg., and 90 minutes later an 
injection of sodium fluoride 50 mg./kg., four succumbed. Of the eight 
survivors, four showed retinal reactions; three of the unresponsive rabbits 
were given a second treatment and two of them developed retinal lesions. 


A third treatment in the sole surviving resistant animal gave no result. 


(7) Effect of Agents other than Sodium Fluoride injected after Fasting 
(Table V, opposite) 
Table V (a) shows a series of agents which proved to be without retino- 


toxic effect; these still showed no such effects after fasting and induced hypo- 
glycaemia. Included amongst these agents were dinitrophenol, Synthalin B, 
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TABLE V 


LACK OF sedan LESIONS FROM INTRAVENOUS INJECT IONS OF SOME 
GENTS OTHER THAN SODIUM FLUORID 





First Injection Repeat Injection 








Retinal | 
Pre- t 


piven ae No. Pre- ~~ | 
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| bikes 


(a) Agents used without pre-t tly after induced hypoglycaemia 


Remarks 














Dinitrophenol 20 6 6 | o| 6 
20 24 hrs Fasting 4 | 0 4 
8 
3 











Dinitro-orthocresol and 3 u/kg. 


Insulin 90 min. 
Sodium selenite 15 before Injection |_|! | 0 


Sodium oxalate 50 



































Sodium 
p-chlormercuriben- +0 All five died 3-4 days after first injection 
zoate 


Synthalin B 3 1 Repeat experiment not done 
L-tri-iodothyronine 3 0 0 Repeat experiment not done 























Agents known not to produce retinal lesions tried after fasting 





Nicotine 2 1 
Methyl glyoxal 50 l 
Sodium azide . 3 

2 


























Sodium iodoacetamide | 37 

















A tertiary amino 60 0 Ss ‘ 9 ~ B 9 0 
phenoxyalkane (a) before Injection | | 


“N.P. 207’ (b) 20 0 Repeat experiment not done 






































Sodium oxalate | 50 0 Repeat experiment not done 


* Fasted for 48 hours 
(a) 1: 5 di (p-dimethylaminophenoxy) pen‘ 
(6) 3-chioro-10/2’ cmethylopiperidy{.2°)-ethyl/-phenothizine hydrochloride. 





and tri-iodo-thyronine, which had been found to facilitate the effect of fluo- 


tide. Fasting was likewise found to be without effect in a series of agents 
previously known not to produce retinal damage (Table V 5). Amongst 


these were carbohydrate inhibitors (Sorsby and Nakajima, 1958a), a phenoxy- 
alkane compound (Sorsby and Nakajima, 1958b), and a phenothiazine 
derivative (NP 207), which though retinotoxic to man has not given retinal 


lesions in the experimental animal (Wagner, 1956). 
Fluoride therefore stands alone amongst the different agents tried both in 


its occasional effect on the retina, and in the increased frequency of response 
obtained after fasting or other pre-treatment. 


(8) Ophthalmoscopic Appearances and Histological Findings 
The retinal lesion produced by fluoride is characteristic in onset and extent. 
Within 48 hours the lesion is obvious in most cases; the earliest time at which 
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it has been observed was 6 hours after injection, and occasionally a lesion has 
not become manifest until after 5 days. Commonly the lesion covers a zone 
1-5 disc diameters in depth and extending right across the lower half of the 
fundus, sparing the area immediately below the disc. The earliest signs are 
sharp demarcation lines delineating the extent of the lesion; within the zone 
delineated the retina looks oedematous. Within 2 to 3 days this oedematous 
zone becomes flatter and pigmented, the pigmentation being easily distin- 
guished from other pigmentary changes normally seen in the rabbit fundus 
by its intense black coloration and uniform patterning throughout the 
affected zone. The pigment spots are generally large roundish dots, though 
irregular shapes may also appear. The lesion is fully established within 
14 days. There are two variants to this picture. Only exceptionally is the 
whole of the fundus involved instead of the broad zone described. Rather 
more commonly, smaller areas than the broad zone are affected; such smaller 
areas may be single or multiple. Exceptionally, only one fundus is affected— 
a finding confirmed histologically. 

The illustration shown in a previous publication (Sorsby and Nakajima, 
1958a) represents a rather extreme variant of the lesion in that most of the 
fundus was affected. Ophthalmoscopically the fluoride lesion differs from 
the appearances observed with other substances that induce retinal damage 
in tending to be less extensive. 

Histologically the appearances already recorded in the previous study have 
been found consistently in this series. There is marked destruction of the 
rod layers and of the pigment epithelium with slight or little involvement of 
the inner layers of the retina. 


Discussion 
(1) Place of Sodium Fluoride amongst Retino-toxic Substances 


The present study adds a fifth substance to the four that have been hitherto 
known to produce retinal damage in the experimental animal—sodium 
iodate, sodium iodoacetate, dithizone, and the phenoxyalkanes. The mode 
of action of all five substances still remains to be established. It is possible 
that they do not have one common underlying effect, but that the different 
agents produce their damage in different ways. There is no evidence that 
sodium iodate acts as an enzyme inhibitor in life; the versatility of sodium 
iodacetate as an enzyme inhibitor is such that it is difficult to incriminate any 
particular enzyme effect; the action of dithizone is obscure, and an out- 
standing effect is the diabetes produced from damage to pancreatic tissue; 
and nothing is known of any enzyme effect of the phenoxyalkanes. Sodium 
fluoride has some unusual features. With adequate doses all the agents 
hitherto known produce retinal damage constantly, or very nearly so; in 
contrast, sodium fluoride is effective in only some 15-20 per cent. of rabbits. 
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The marked increase in the incidence of positive results obtained when the 
rabbits were pre-treated by insulin—on the assumption that sodium fluoride 
as an inhibitor of glycolysis would be most effective in hypoglycaemia— 
proved to be due not to the hypoglycaemia but to the preliminary fasting 
employed. Whilst fasting itself greatly facilitated the effect of fluoride, 
substantial facilitation was also obtained independently of fasting by insulin 
and several other agents with metabolic effects: dinitrophenol, tri-iodo- 
thyronine, and Synthalin B (but not by alloxan diabetes). No procedure 
was effective in producing retinal damage constantly. It is thus obvious that 
both the action of fluoride and the mode of action of the enhancing factors 
shown in the study remain obscure, for to speak in general terms of fasting 
and of metabolic disturbances—or possibly of a hepato-toxic effect as is 
suggested by Synthalin B—is only stating the problem. Fluoride, known 
as an enzyme inhibitor in the series of changes that occur in the normal 
phosphorylating glycolysis, is a most versatile substance, and bearing on its 
mode of action on the retina, the following observations are relevant: 


(a) Injection of fluoride into the carotid artery of an animal produces retinal 
oedema [? instantaneously]. This result is recorded briefly by de Berardinis 
and Bonavolonta (1953). 

(b) In studies on the developing retina, vasoconstriction followed the injection 
of fluoride intravitreally in the living kitten; no such effect was seen in the 
adult cat (Ashton, Graymore, and Pedler, 1957; Pedler, 1959). 


(c) In vitro studies have shown that: 


(i) Fluoride inhibits lactic acid formation and phosphorylation in retinal 
extracts (Kerly and Bourne, 1940; Holmes, 1940). 
(ii) Fluoride produces oedema in the immature retina exposed to it (Gray- 
more, 1959). 
(iii) Histological damage and interference with glycolysis or respiration 
occurs only after exposure to high concentrations (Lucas and Newhouse, 
1959). 


(2) Nature of the Facilitating Effect seen with Fluoride 


In experimental pathology there are several other instances in which fasting 
or the use of metabolic accelerators has a facilitating effect similar to that 
recorded here for fluoride degeneration of the retina. The observations deal 
with the effect of fasting (or of dietetic derangements) on the toxicity of some 
drugs, and the effects of fasting and of metabolic accelerators on susceptibility 
to infection, and the influence of fasting on the developing embryo. 


(a) Effect of Fasting and of Dietetic Derangements on Toxicity of Drugs.—The 
literature of the end of the 19th and the beginning of the 20th century contains 
many references on this aspect. It was noted that fasting or malnutrition enhanced 
the toxicity of some drugs, and diminished that of others (see Hooper, Kolls, and 
Wright, 1921).. Such findings were important clinically if only for two reasons. 
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In the first place it was known that chloroform was much more toxic to a fasting 
patient than to a patient who had received adequate nourishment, and secondly, 
with the advent of Salvarsan and its derivatives, there also came the recognition 
that arsenic was more toxic to a starving animal or to a fasted patient. 

Later studies established the significance of exclusively dietetic factors—as 
opposed to toxic factors—in damage to the liver, a distinction emphasized by 
Himsworth and Glynn (1944) by the terms tropopathic and toxipathic lesions. 
Dietetic deficiencies came to include such clearly isolated factors as choline, 
methionine, the lipotrophic agents generally, and tocopherol, whilst the list of 
toxic agents capable of producing liver damage is now considerable (see Drill, 
1952; Hartroft, 1956; Himsworth, 1950). 


Bearing closely on the fluoride results reported here, are the observations on 
liver damage by trinitrotoluene (TNT). This agent apparently presented a con- 
siderable problem during the first world war, when liver damage was a significant 
problem in TNT workers. Experimentally it was, however, difficult to produce 
lesions, only two out of ten rabbits in one particular experiment being found to 
show fatty degeneration of the liver (Medical Research Committee, 1917). Such 
experiments, repeated in rats fed on a low protein/high fat.diet, gave much more 
consistent results (Himsworth and Glynn, 1942). Somewhat similar observations 
have been recorded for tetrachlorethane: dogs fasted for 24 hours respond with 
severe intoxication and coma to doses that are innocuous to animals on normal 
diet (see Wright, 1952). 


(b) Fasting and Metabolic Accelerators in Relation to Infection.—It has been 
known for many years that the nutritional state—whether of the experimental 
animal or a patient—influences the course of an infection. Recently Dubos (Dubos, 
1955; Dubos, Smith, and Schaedler, 1955) has shown the marked effect of fasting 
for 24-36 hours on mice exposed to Staphylococcus aureus, Klebs. pneumoniae, 
and B. tuberculosis; all animals fasted showed a high mortality to mild infections 
that were innocuous to normally-fed mice. Dubos believes that this effect arises 
from the transient production or accumulation in the tissues of fasted animals of 
metabolites which favour the activities of micro-organisms, for he found that he 
could increase the virulence of tuberculous infection in mice in a striking and 
consistent manner by adding to otherwise satisfactory diets certain metabolites, 
such as sodium butyrate, citrate, or glutarate; alcohol or lactate has no similar 
infection-enhancing effect. The possibility of an endocrine factor is suggested by 
observations showing that dinitrophenol and thyroxine added to a normal diet 
enhance the susceptibility of mice to infection with tubercle bacilli and staphy- 


lococci. 


(c) Fasting as a Teratogenic Factor.—It appears that fasting during pregnancy 
enhances an existing tendency towards malformation in the foetus. Fasting for 
24 hours on the 9th day of pregnancy in the mouse resulted in 22 per cent. of the 
foetuses having either cranioschisis or deformed ribs or both—against 2 per cent. 
in untreated mice (Runner, 1959). Foetuses were protected from the fasting effect 
by relatively small quantities of a variety of nutrients, such as glucose, casein, and 
glutamic acid. 





EXPERIMENTAL DEGENERATION OF THE RETINA. V 223 


The mode of action of fluoride remains as obscure as that of other retino- 
toxic agents. A simple explanation, such as one postulating interference 
with glycolysis, can hardly be maintained in face of the failure to obtain 
degeneration by other inhibitors of glycolysis. Theoretically many possi- 
bilities are open, and until further data are available the most puzzling—and 
most tantalizing—aspect of fluoride degeneration of the retina is its substan- 
tial dependence on the nutritional state. 


Summary 


(1) Unlike other inhibitors of glycolysis (with the exception of sodium 
iodoacetate which has many other activities), sodium fluoride produces 
retinal degeneration in the experimental rabbit. The effect is, however, not 
constant. : 


(2) When effective, sodium fluoride produced a retinal lesion by a single 
intravenous injection of doses of 40 to 60 mg./kg., generally within 48 hours. 
Of 115 rabbits so treated, 94 survived and seventeen showed retinal lesions. 
A dose of 50 mg./kg. is best; lower doses are not very effective and higher 
doses are more toxic without being more effective. Of 63 rabbits treated 
with a dose of 50 mg./kg., twelve showed a retinal lesion. 


(3) Ophthalmoscopically the lesion is highly characteristic. It is rather 
more limited in extent than that produced by the other agents that induce 
experimental retinal degeneration, and is sharply delineated from the rest of 
the fundus. Histologically the pigment epithelium and rod layer of the 
retina are involved. 


(4) The combined use of sodium fluoride as an inhibitor of glycolysis and 
sodium cyanide as an inhibitor of respiration did not increase the frequency 
of positive results. 


(5) In rabbits not susceptible to a single intravenous injection of sodium 
fluoride, repeated injections produce a result only exceptionally: there were 
two responses in 27 animals given a second injection of 50 mg./kg., and one 
further response in eighteen given a third injection. In contrast, out of 23 
insusceptible rabbits given an injection of 50 mg./kg. after first being made 
hypoglycaemic by fasting and insulin, twelve showed retinal lesions. There 
was no direct association between the degree of hypoglycaemia and the 
development of a lesion. 


(6) Each of the two procedures used to produce hypoglycaemia was itself 
effective in increasing the incidence of positive responses to fluoride (though 
neither produced a retinal lesion on its own). Fasting for 24 hours before 
the injection of 50 mg./kg. sodium fluoride gave nineteen positive responses 
in 27 rabbits. Repeated pre-treatment with insulin gave twelve positive 
results in 23 rabbits. 
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(7) Pre-treatment by full doses of dinitrophenol, tri-iodo-thyronine, and 
Synthalin B—agents that by themselves are not productive of retinal lesions 
—also increased the incidence of retinal lesions to some 50 per cent. The 
induction of alloxan diabetes had no such effect. 


(8) The facilitating effect of fasting observed with fluoride was not obtained 
with other substances tried. 


(9) Attention is drawn to the parallel findings on the facilitating role of 
fasting in experimental liver damage, and of fasting and metabolic accele- 
rators in experimental susceptibility to infection, and on the influence of 
fasting in inducing congenital malformations. 


We are indebted to Miss Diana Tremain and Miss June Hunter for technical assistance and to 
Dr. A. Nakajima for help in the earlier stages of this work. For the supply of phenoxyalkanes 
we are indebted to Dr. L. G. Goodwin and Dr. O. D. Standen of the Wellcome Laboratories of 
Tropical Medicine, for NP 207 to Messrs. Sandoz Products Ltd., and for Synthalin B to Messrs, 


British Schering Ltd. 
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RATE OF ENTRANCE OF SODIUM INTO THE AQUEOUS 
HUMOUR OF THE RABBIT* 


BY 


D. F. COLE 
M.R.C. Ophthalmological Research — of Ophthalmology, University of 
n 


WiTH the advent of the active secretion theory of formation of the aqueous 
humour, increasing importance has been attached to knowledge of the rates 
at which the various constituents of this fluid enter the eye (cf. Langham, 
1958). This information is required in order to reach some understanding 
of aqueous humour dynamics and also to assist in elucidating the nature and 
action of the secreting mechanism. 

The rates of flow of water and certain solutes through the anterior chamber 
have been estimated by studying the rates of accumulation or disappearance 
of Rayopake, Diodrast, or p-aminohippurate (Barany and Kinsey, 1949), 
fluorescein (Goldmann, 1950; Langham and Wood, 1956), and 24Na (Kinsey 
and Barany, 1949; Davson, 1955, 1956; Kinsey and Palm, 1955, 1958). 
Mathematical analysis of some of these findings in terms of transfer coeffi- 
cients representing entrance into the anterior chamber aqueous by flow and 
diffusion (ky and kg, respectively) have yielded values ranging from k= 
0-017 -0-018 min.~! (Kinsey and Palm, 1955; Friedenwald and Becker, 1956) 
down to ky=0-009 min.~! (Davson, 1955; 1956). If the solute concentrations 
in plasma and aqueous humour and the volume of the anterior chamber are 
known, it is possible to calculate the rate of solute entering the eye at a | 
steady state, where influx and efflux are equal. In these circumstances the 
rate at which solute leaves the anterior chamber for the drainage channels 
depends on the outflow rate and the anterior chamber concentration; 


d 
at *Ms=Cq° F,; 


Where F, is a function of the transfer coefficient and anterior chamber 
volume; 

F. oo; k f . Vz . 

Whereas most of the published findings are expressed as transfer coefficients 
rather than as absolute quantities of material entering or leaving the eye per 
minute, the present paper gives an account of a method for estimating the 
rate of sodium efflux in fluid collected from transfused eyes in which the 
drainage channels had been obstructed. Conditions under which this efflux 
is equal to the influx are considered and the findings compared with values 
calculated (as shown above) from the published transfer coefficients. 


—— 
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15 225 





D, F. COLE 


Methods 


The basis of the present method was to transfuse the aqueous space with a 
sodium-free, isotonic solution of mannitol, having blocked the drainage angle 
with paraffin or similar material as described by Langham (1959). A 15-gauge 
needle, connected to the collecting system described below, was inserted through 
the cornea into the anterior chamber (Fig. 1, 4) and subsequent manipulations were 
carried out with a pressure of not less than 30 mm. Hg in the collecting system. A 
second needle, No 17 (Fig. 1, 1) attached to fine-bore polythene tubing was then 
inserted through the sclera into the posterior chamber, the free end of the polythene 
tubing being connected to a hypodermic syringe containing paraffin. This needle 
was pushed gently forwards through the pupil to enter the anterior chamber and a 
few drops of paraffin injected into this chamber to form a torus between the posterior 
surface of the cornea and the anterior surface of the iris (Fig. 1, 3 and 6). The 
aqueous which had been displaced during this injection was able to leave the eye 
through the first needle, and, owing to the pressure in the collecting system, the 
intra-ocular pressure was not able to decrease below 30 mm. Hg. When the 
paraffin injection had been completed, the second needle was cautiously withdrawn 
to occupy its final position in the posterior chamber as shown in Fig. 1 (1). The free 
end of the polythene tubing through which the paraffin had been injected was then 
connected to a motor-driven perfusion syringe containing the buffered, isotonic 
mannitol solution. Although paraffin (S.G. =0-83 —0-87) was used in some of 
the earlier experiments, it was found that the silicone fluid MS/200/20 (Hopkin and 
Williams Ltd., London, England) was equally effective for blocking the drainage 
angle and, being more mobile than paraffin, more readily introduced into the 


eye. Once these procedures had been carried out the eye was transfused with 








1 =inflow needle (con- 
nected to motor- 
driven syringe), 

2 =posterior chamber, 

3 and 6=oil or silicone fluid 
in drainage angle, 
4=outflow needle to 
collecting system, 
5=anterior chamber, 
7=lens, 
8 =iris. 


Fic. 1.—Diagrammatic transverse section of eye, showing positions of needles and oil during 
transfusion. 
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buffered isotonic mannitol at rates which ranged between 50 and 150 wl./min., 
with an effluent collection pressure between 25 and 30 mm. Hg. 

From the outflow needle (Figs 2 and 3, A), a length of fine-bore polythene 
tubing led to a three-way tap (Figs 2 and 3, Band). In the first type of collecting 
system (Fig. 2), the effluent from the eye was collected under a water-immiscible 
fluid, such as paraffin, petroleum spirit (B.P. 100-120° C.), or MS 200/20, as 
indicated in Fig. 2 (F-G), the volume displaced being measured in the graduated 
tube, M. The effluent was collected at E, and, from time to time, expelled 
through the three-way stop-cock, D, by means of the syringe, K. The height of M 
could be varied and the pressure against which the effluent left eye was equal 
to g(p,(t1 +hs) +prhz), where g is the acceleration due to gravity, p, the density of 
water, py the density of the water-immiscible fluid, and /,, hz ,and h; the vertical 
heights indicated in Fig. 2. 

The apparatus shown in Fig. 2 suffered from certain disadvantages, mainly 
because of the viscosity of the water-immiscible fluid, and most of the experiments 
were therefore performed with the apparatus shown in Fig. 3 (overleaf). In this sec- 
ond collecting system, the effluent was collected under air maintained at 30 mm. Hg 
above atmospheric pressure by means of a “pressure reservoir’’, E, and a water 
reservoir, L. The volume of effluent was measured in graduated collection tubes 
D, which were connected to the “pressure reservoir”, E, and the adjusting tube, 
H, through the three-way stop-cock, C, and the T-junction, G. Whilst fluid was 





B=fine-bore polythene tube 
C =three-way “‘ Perspex”’ stop-cocks 
— D=outlet for removal of collected fluid 
FSS \. E=transfusate accumulating under 
N N water-immiscible fluid 
N F and G =water-immiscible fluid 
R : H =water connected either to measuring 
tube (M) or syringe (K) 
I =reservoir 
J =three-way stop-cock 
K =syringe for expelling transfusate 
collected ai 
L=water caemeale. 
M =graduated measuring tube 
hz represents the effective vertical height of the 
water-immiscible fluid, and h; and h3 represent 
that of the transfusate and water respectively. 
The static pressure at A is thus equal to 
e(ewlhi +3) + pr* 2). 





Fic. 2.—Diagram of collecting system (first type); the experimental eye and its outflow needle 
are represented at A. 
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Fic. 3.—Diagram of collecting system (second type); the 
experimental eye and its outflow needle are represented at A. 
B=fine-bore polythene tube 
C =three-way “Perspex”’ stop-cocks 
D =two graduated collecting tubes 
E =“‘pressure reservoir” containing air 
F =fine-bore stop-cock for reducing pressure in system 
G =T-junction 
H =adjusting tube containing water at I and air at J : 
K =stop-cock for filling H with water and increasing pressure in system 
L, M =water reservoirs 
N =horizontal displacement tube 


hy and h2 represent the effective vertical heights of the transfusate and water respectively. 
The static pressure at A is thus equal to gpy(h, + h2). 





being collected in D, air was being displaced into J, and the water from the adjusting 
tube, H, was displaced from I to the horizontal tube at N. Fine adjustment of 
pressure was effected by running water from the reservoir, L, into the adjusting 
tube at I by opening the stop-cock, K; pressure was reduced by allowing air to 
leave the system through the fine-bore stop-cock, F. Using two collecting tubes, 
D, and two three-way stop-cocks, C, uninterrupted collection could be made from 
the experimental eye, represented at A. The collection tubes, D, being approxi- 
mately horizontal the effective pressure against which the effluent left the eye was 
equal to gp,(h, +h»), assuming similar densities for water and effluent. 


Chemical Methods.—The effluent was stored in stoppered polythene tubes and 
sodium, potassium, and calcium estimated with a “Unicam”’’ Flame Spectro- 
photometer (SP 900). Sodium was estimated in the range 0-1-0-6 »Eq./ml., 
potassium in the range 0-02-0-05 »Eq./m)., and calcium in the range 0-006-0:025 
uM/ml. Plasma concentrations were determined in’ samples of arterial blood 
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obtained from the central artery of the ear half-way through each experiment. 
Plasma protein was estimated by the method of Phillips, van Slyke, Dole, Emerson, 
Hamilton, and Archibald (1945), and the value obtained was used to express 


electrolyte concentrations in terms of ml. plasma water (Sunderman and Boerner, 


1949). 


Experimental Material 


The animals used in these experiments were adult rabbits of the New Zealand 
White strain, weighing between 2 and 3 kg. They had been fed on Diet 18 (“‘ Blue 
Cross”” Animal Foodstuffs, Associated London Flour Millers, Ltd.) and allowed 
free access to’water. All animals were anaesthetized with urethane, given intra- 
venously as a 25 per cent. (w/v) solution in physiological saline, at a dose level of 
1-75 to 2-0 g./kg. body weight. Before the needles were inserted a few drops of 
{ per cent. amethocaine (B.P.) were instilled into the eye. The animals were 
killed at the end of each experiment, whether or not both eyes had been used. 

In some cases a flexible nylon cannula was implanted in the lingual artery on 
one side of the neck, using the technique described in an earlier paper (Cole, 1959). 
Through this cannula solutions of 2:4 dinitrophenol (DNP), Diamox (Lederle), or 
Mersalyl (B.P.) were infused in order to obtain a high concentration of the in- 
hibitor in the blood supplying the experimental eye without the need for admini- 
stering large doses systemically. In some animals both lingual arteries were so 
cannulated, the left (control) eye was transfused first whilst isotonic saline 
was injected into the left lingual artery. In the second half of the experiment 


the contralateral (experimental) eye was transfused whilst DNP was injected 
through the right lingual artery. In cases where this procedure had been carried 


out satisfactorily on both eyes of a single animal, the changes by DNP could be 
assessed by comparing control and experimental values for each pair of eyes; 


since both eyes were not always successfully transfused most of the results are 
based upon comparison of groups of eyes. The results obtained only from com- 


parison of pairs of eyes are shown separately in Table III (p. 234). 


Buffered Isotonic Mannitol—This was a 5-67 per cent. (w/v) solution of mannitol 
containing 10 ml. 0-3 M buffer (pH 7-45) in each 100 ml. The buffer was a 0-3 M 
solution of tris-(hydroxymethyl)-aminomethane in water brought to pH 7:45 by addition 
of 3 N nitric acid. Usually 100 ml. tris-(hydroxymethy])-aminomethane solution required 
about 8 ml. acid. The buffered isotonic mannitol was made up on the morning of the 
experiment. 


DNP.—As described previously (Cole 1959), the DNP was infused at a rate calculated 
to yield a concentration of 0:2-0:3 mM/L. in the blood reaching the eye, assuming the 
carotid blood flow to be 3 ml./min. (Winterstein, 1935). In these experiments a 40 mM 
solution of DNP in isotonic saline was infused at 0-0006-0-0009 mM/min. 


Diamox.—The sodium salt of Diamox (2-acetylamino-1, 3, 4-thia-diazole-5-sulphona- 
mide) was dissolved in isotonic saline brought to pH 7:4 and injected at 0-002 mM/min. 


Mersalyl_—Mersalyl acid anhydride (salicyl-(y-hydroxymercuri-8-methoxypropyl)- 
amide-O-acetic anhydride; Burroughs Wellcome, London), was dissolved in 0-3 N sodium 
hydroxide, brought to pH 7-4, diluted with isotonic saline, and injected at 0-003 mM/min. 
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In all cases in which inhibitors were given, the transfusion and administration of inhi- 
bitor were begun simultaneously, and both were continued for at least 120 minutes. 


Results 
The symbols used in describing and discussing the results are essentially 
those of Duke-Elder and Maurice (1957), with the following additions: 
V, represents the volume of effluent in ml. 
F, represents the rate of flow of effluent in ml./min. 
F, represents the outflow rate of a normal untouched eye in ml./min. 
c, represents the concentration in the effluent fluid of some previously specified solute 
and is in Eq. or »M/ml. 
Uge Tepresents the net volume moved from aqueous humour to effluent in ml. 
t, or t,, as subscripts, represent time-intervals in minutes from the start of the 
experiment. 
n, as a subscript, designates the n‘* collection period. 
The effluent concentration and flow rate are related to the rate at which 
sodium ion leaves the aqueous by the expression: 


Se Mae| = [ee Fel. ee en og 


and it is obvious that, until a steady-state is reached, c, will change continu- 
ously during the course of any collection period, say from t(,_1) to ft, (in 
the case of the n‘* period). At the end of the n‘* collection period, the total 


sodium efflux for that period will be ee v.| and the total amount of 


n 
sodium which has left the aqueous since the start of the experiment, that is 


to say from t=0 to t=t,, will be given by > (c,- V,). Assuming this to be 


t=t, 
equal to | (c, F,) «at; [spre], may be calculated for various values of 
t=0 


t (0<t<t,) by numerical differentiation of > (c,. - V.) with respect to time. 


The volume of effluent and its sodium concentration for each collection 
period being known, >(c, - V,) could be calculated for periods from 1 to n. 


These values were plotted against time and the resulting series of points 
joined by a smooth curve; from this curve, values for >(c, - V.) were read off 
t=10 


for successive 10-minute time-intervals, to give values for J (c, : F.) + dt, 
1=0 
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t=20 
| (c, ' F.) ‘dt, etc. The differential at each time-interval was then 


t=0 
calculated by means of Newton’s approximation: 


d 1 , 
a m=3 (a.-42+43), es can ea 


(where Aj, A>, and A; are the first, second and third differences respectively, 
and A is the length of each time-interval, i.e. 10 minutes) (cf. Lipka, 1918), to 


give values of E Mae] for the times, t=10, t=20, t=30,...etc. A 


similar procedure was used to calculate the efflux rates of potassium and 
calcium, and the outflow rates of water: 


d 
dt *Vae=F,. 


The solute concentrations at any instant could be calculated from the 
expression : 


inhale 


Since the early stages of the experiment consisted mainly in washing out 
the sodium and other solutes already present in the aqueous it is reasonable to 
anticipate that were this the only factor involved the rate of sodium efflux 
would decrease exponentially to zero. However, if sodium were continually 
entering the aqueous from the plasma.a steady-state would be reached with 


A -c,—> 0 and, where 4 * Mqge did not decrease to zero but equalled the rate 


' : ; Mes | 
at which sodium was entering the aqueous from the plasma, with a Mpa: 


Thus, the values for é * Mae observed after the preparation had reached a 


: nee j 
steady-state, or alternatively, the value to which Fi Mae approximated as 


the experiment proceeded, should give an estimate of the entrance rate of the 
solute in question. In fact, it was found that the results fitted reasonably 
well to a double exponential equation of the form: 

d 


qi Maer =A -e7 St Bee FB t4C 


+§ * Mpq (where s *C,—> 0) 
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If the rate of entrance of one of the solutes were either completely or 


partially arrested, a decrease of the values for $ * Mage (steady State) would 


be expected. Several metabolic inhibitors known to reduce ion transport 
in other tissues were ‘used, the most frequently employed being DNP. 

Results from eyes which appeared to be abnormal or from which leakages 
were suspected were discarded. The results given in Tables I and II are 
based on results from not less than twenty eyes, and those in Table II (over- 
leaf) from not less than ten. Except in Table IV (overleaf), the figures 
represent means and standard errors of means. 

The results fall into three groups: 

(a) Results from eyes in which no inhibitor had been given (controls); 


(b) Results from eyes in which either DNP or Diamox or Mersalyl had been 
given as described above, 


TABLE | 


EFFLUX OF WATER, SODIUM, POTASSIUM, AND CALCIUM (IN ul., wEq., unEq., 
THE COMMENCEMENT 


The values represent the Mean +: its 
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(c) Results from eyes in which DNP had been given. 


Thus (c) is a sub-group of (5); all the results in (c) are also contained in 
(b), which also comprises results not contained in (c), namely the cases in 
which Diamox or Mersalyl was used instead of DNP. 


Table I shows efflux rates at 10-minute intervals from t=10 to t=120; 
Table II (overleaf) shows the mean effluent concentrations over the period 
t=80 to t=120. Table III (overleaf) is based upon experiments in which 
both eyes from animals were used, the one serving as a control whilst the other 
was subjected to DNP poisoning. The values at each time interval represent 
the means of the differences for each pair between the efflux from the control 


eye and that from the experimental eye. 


Table IV (overleaf) shows the 


empirical coefficients for Equation 4 for each of the three groups of animals. 


and puM/min. RESPECTIVELY) AT SUCCESSIVE 10-MINUTE INTERVALS AFTER 


OF TRANSFUSION. 
Standard Error for each time-interval. 
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asterisks; thus the range 0-05 > P>0-02 is indicated by * and the range 0-02>P by **. 
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TABLE II 


MEAN VALUES AND STANDARD ERRORS OF MEANS FOR CONCENTRATIONS IN 
TRANSFUSATE BETWEEN 80 AND 120 MIN. AFTER THE START OF THE EXPERI- 


MENTS AND FOR TERMINAL CONCENTRATIONS IN ARTERIAL PLASMA 





Concentration 


Subjects 


Transfusate 


Plasma 





Sodium 
(uEq./ml.) 


Controls 


12:37+0°9 





+Inhibitors (pooled) 


5-79 +0:7** 





+DNP 


5-96 +0-8** 





Potassium 


(uEq./ml.) 


Controls 


0-581 + 0-02 





+DNP 


0-581 +0-02 


4-97 
+021 





Controls 


0-188 +0-02 





Calcium cnet 1-50 
(uM/ml.) +DNP om ays 0-118 +0-02** 40-10 











| 
Values which differ significantly from the controls are shown by asterisks; thus the range 
0:02 >P is indicated by **. 





TABLE III 
DIFFERENCES OF EFFLUX RATES BETWEEN THE TWO EYES OF THOSE ANIMALS 
IN WHICH THE ONE EYE HAD SERVED AS A CONTROL AND THE OTHER HAD 
BEEN SUBJECTED TO DNP POISONING 


Values represent means of differences (control—experimental) and their standard errors at 
10-minute intervals from 50 to 120 min. after the start of the transfusion 





Time from Start of 
Transfusion (min.) 50 80 100 110 120 


Sodium Effiux 
(uEq./min.) (con- 
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+0395 ** y +0-283** 
+011 0 +0:07 


+0-394**) +0-387** | +0-380** 
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Potassium Efflux 
(upEq./min.) (con- | - 26-9** a i 16 
trol—experimental) | + 3-2 5 i 38 





Calcium Efflux 
(uuM/min.) (con- - 5-8* 1-3 
trol—experimental) | +2:1 o 1:8 





























Statistically significant differences are shown by asterisks; thus the range 0-05>P>0-02 is 
indicated by * and the range 0-02 >P by **. 


TABLE IV 
EMPIRICAL COEFFICIENTS OBTAINED WHEN EQUATION (4) IS FITTED TO SODIUM 
EFFLUX RATES IN CONTROL ANIMALS AND IN THE TWO EXPERIMENTAL 
GROUPS 


The curve represented by Equation (4) was fitted according to the methods described by Lipka (1918) 





Group os es os a A o B B C 





Controls 





Inhibitors (all animals) 





DNP only 























weoevemtorrmnms © tho 


SODIUM IN AQUEOUS HUMOUR 235 
Discussion 
From Tables I and II and Figs 4 to 8, it would appear that both the rates 
of solute efflux and the concentrations of effluent decreased rapidly during the 
first 20 to 40 minutes of the experiment, and became relatively steady during 
the period 60 to 120 minutes. During this latter phase the variance between 
animals was considerably less than during the first 40 minutes, and it is 
reasonable to regard this phase as a steady state or an approximation thereto. 
For the reasons discussed below, the efflux rates during the last 40 minutes 
of the experiment were taken as measuring the influx rates of solutes into 
the aqueous compartment of the eye, so that the rates of entry in the control 
series were 0-632 wEq./min. for sodium, 30-8 yywEq./min. for potassium, and 
9-86 wuM/min. for calcium. 
Corresponding values for the group treated with DNP were 0-271 wEq./min. 
for sodium, 30-2 yywEq./min. for potassium, and 6-79 yuM/min. for calcium. 
The mean value for sodium obtained by pooling results from all experi- 
ments in which an inhibitor had been given was 0-304 wEq./min. Potassium 
and calcium were estimated only in animals given DNP. 


Sodium.—A steady state for the transfusate is attained when 4 - Ce —> 0, and 
under this condition Equation 4 becomes: ' 

@, adit, 

dt May me dt Mpa » 
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Fic. 4.—Change in sodium efflux with time in control eyes and in all eyes in which inhibitors were 


given. 
Control series; o —--- -0; treated series 
Points represent mean values at each time ieenval and the vertical lines + twice the standard 


error of the means. Curves drawn by eye. 
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Fic. 5.—Change in sodium efflux with time in contiol 
eyes and in eyes treated with DNP. 
Control series, ° —-——-°; treated series, o o, 
Points represent mean values at each time interval and 
the vertical lines-+:twice the standard errors of the 
means. Curves drawn by eye. 
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Fic. 6.—Sodium efflux from control eyes. 


Curve represents values of 1-48 exp (—0-107t) +0-87 
exp (-0-023t) +0-60 (Equation 4). 

Open circles show mean experimental values at each 
time interval. 
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Fic. 7.—Sodium efflux from all eyes in which inhibitors 
had been given. 

Curve represents values of 1-68 exp (-0-091t) +1-15 
exp ( -0-0331) + 0-24 (Equation 4). 

Open circles show mean experimental values at each 
time interval. 


Na’ Efflux (#Eq./min.) 
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Time (min.) 


Fic. 8.—Sodium efflux from eyes treated with DNP. 
Curve represents values of 3-35 exp (-0:17t) +0-69 


exp ( -0-0281) +0-27 (Equation 4). 
Open circles show mean experimental values at each 
time interval 
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and hence C is a measure of the steady state efflux rate and thus of the rate of 
entry. Empirical constants for Equation 4 as applied to sodium efflux are 
given in Table IV and the values for C are 0-600 uEq./min. (control series), 
0:240 wEq./min. (all treatments), and 0-270 »Eq./min. (DNP only). These 
results are in fair agreement with the estimates from the mean efflux rate 
during the last 40 minutes of the experiments (Figs 6 to 8). 

The processes comprised in the steady state rate of entry may be considered 
as falling into one of three kinds: direct or indirect diffusion from plasma to 
the tranfusing fluid (transfusate), ultrafiltration through a barrier the per- 
meability of which to large molecules can vary considerably, and secretion 
across the blood-aqueous barrier dependent upon the metabolic activity of 
certain regions in the ciliary epithelium. All processes may contribute 
simultaneously to the total rate of entry, and it was anticipated that toxic 
materials capable of inhibiting sodium transport (either directly or indirectly) 
would reduce the total rate of entry by inhibiting the secretory component. 
Hence, if the transfusion method described above is capable of estimating 
the rate at which sodium or some other solute enters the eye across the blood- 
aqueous barrier, then a substance which inhibits active transport across the 
Ciliary epithelium will reduce the rate of entrance and the steady state 
efflux, as estimated by this technique. The inhibitor used in the majority 
of the experiments was DNP, which is known to inhibit active transport in a 
number of tissues (Fuhrman, 1952; Schoffeniels, 1955; Hoshiko, Swanson, 
and Visscher, 1956) and has been shown to affect the formation of aqueous 
in the posterior chamber (Cole, 1959). In a few experiments Diamox was 
used as an inhibitor, and in others the mercurial diuretic, Mersaly]. 

Although inhibition of active transport will reduce the steady state efflux, 
it is necessary to consider whether (and in what circumstances) the converse 
is true. If a reduction of steady state efflux is not due to inhibition of 
secretion, it must be explained either by a decrease in the rate at which the 
solute enters by diffusion and ultrafiltration across the blood-aqueous 
barrier, or else by a steady loss of solute from the aqueous so that not all 
the solute entering the eye reaches the collecting system. For two reasons 
it is improbable that in the present experiments the passive entrance of solutes 


was significantly reduced after giving DNP: 


(a) Effluent was collected from treated animals and its appearance after adding 
5 per cent. trichloracetic acid was compared with that collected from untreated 
animals. The effluent from control animals contained, with very few exceptions, 
only traces of protein and the amount did not appear to increase during the 2 
hours of the experiment; on the other hand, when DNP had been given, the 
protein content of the effluent was greater and sometimes increased slightly during 
the experiment. This indicates that DNP had increased the permeability of the 
blood—aqueous barrier so that protein from the plasma was abie to enter the eye 
more rapidly. If DNP had made the barrier more permeable to large molecules 
such as plasma proteins, it is unlikely that it would have impeded at the same time 
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the penetration of the much smaller sodium ion. It is more probable that DNP 
increased the passive entrance of water and solutes from the plasma, resembling 
the action of D.F.P., which increases both the intra-ocular pressure and the protein 
concentration of the aqueous (von Sallmann and Dillon, 1947). Furthermore, the 
facts that the steady state efflux of potassium was not reduced by DNP, that the 
calcium efflux, while reduced, remained higher than anticipated, and that the 
increased protein concentration persisted, argue against the presence of an appre- 
ciable vascular stasis (cf. Poos, 1931; Larsson, 1932) which would diminish the 
transfer of all constituents from blood into the aqueous. Furthermore, there was 
a very considerable fall in concentration from plasma to transfusate, which would 
have favoured a relatively high rate of entry by diffusion in both the contro) and 
experimental animals. 


(b) In the second place, it is also improbable that there could have been any loss 
of sodium from the transfusate between the sites of entry and the collecting 
system. The tissues with which the transfusate came into contact (vitreous, lens, 
cornea) had been, immediately before the transfusion commenced, in equilibrium 
with normal aqueous containing approximately 150 »pEq. sodium per ml. With 
the commencement of transfusion, the sodium concentration of fluid in the eye 
decreased and the effluent concentration reached a steady state value of 12-48 
pEq./ml. in control animals and 4-95 wEq./ml. in experimental animals; there was a 
net movement of sodium into the transfusate from the surrounding tissues until a 
new steady state was attained. 


Thus it follows that, in addition to the washing out of the aqueous humour 
initially contained in the eye which occurs rapidly with a rate constant 
approaching F,/V,, and represented by « in Equation 4), there is a slower 
process (represented by f in Equation 4) which is due to sodium loss and 
equilibration of the tissues bounding the aqueous. 


Vitreous.—On the basis of values reported by Maurice (1957), the area 
of the blood-vitreous boundary was 6°1 cm.? and a transfer constant (K,p) 
000018 cm. min.—!, while the vitreous—aqueous surface had an area of 1-0 
em.2 and K,, of 0-0017 cm. min.-!. The sodium concentration in the 
transfusate in the posterior chamber was taken as not greater than 12-0 
uEq./ml. Regarding the vitreous as a single compartment, a steady state 
exists when: 


d d d 
dt “mM, dt * Mpv at Mygq = 9 = KpyAp(Cp — Cv) — Koa A vn(Cv — Cn), 


which gives, on substitution of known or estimated parameters: 


¢ * Myq <0-087 wEq./min. 


This steady state is not reached for at least 5 hrs (Maurice 1957), and 
sodium loss from the anterior region occurs faster, and from the posterior 
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regions more slowly, than an exponential decrease from a single compartment 
would suggest. An estimate of the rates may be obtained by considering 
the total loss due to a series of different sodium concentrations each present 
in the vitreous for different periods of time. 

Using the equation given by Maurice (1957), it appeared that after the 
first 2 minutes about 17 wEq. and after the first 14 minutes about 50 «Eq, 
sodium had moved into the transfusate from the vitreous. After 20 to 30 
minutes the rate was very much slower and, towards the end of the 2 hours, 
the collection was less than 0-1 »Eq./min., little more than the steady state 
entrance. 


Lens.—The sodium concentration of lens is greatest in the capsule and de- 
creases from.cortex to medulla. The capsular and cortical sodium migrate 
rapidly into a sodium-free solution (Amoore, Bartley, and van Heyningen, 
1959), and the concentration throughout the whole organ drops to between 
10 and 15 »Eq./ml. In the present experiments, this initial sodium loss may 
be regarded as contributing to the sodium in the first 20 to 30 minutes, but 
because the lens is isolated from the blood circulation sodium cannot 
transfer through it from plasma to aqueous. 


Cornea.—The steady state entrance of sodium from the cornea was esti- 
mated in the same way as that from the vitreous, using the transfer 
constants determined by Maurice (1951). At a first approximation it 


appeared that f * Mcq decreased exponentially with a rate constant of 0-026 


min.~!, to attain a steady state with 4 *Mcq © 0-1 wEq./min. 

The steady state rates of sodium entrance would contribute to the total 
rate of entrance by diffusion and would not be distinguished from diffusion 
across the blood—aqueous barrier. These rates of entry are estimated 
maximal values, calculated on the assumption that migration of sodium 
into the transfusate was accompanied by isosmotic movement of water. 
Were this not entirely true and were there also some exchange of sodium for 
mannitol, the sodium entrance rates would be limited by the permeability 
of the tissues to mannitol, and would be less than the estimated values. 

It may be concluded that, neither in the control not the experimental 
series, would the sodium loss from tissues bounding the aqueous account for 
the efflux from the eye during the last 40 minutes of the experiment. 


Potassium.—The mean concentration of potassium in plasma water was 
4-97 +0-17 wEq./ml. (all animals); had its rate of entrance into the eye been 
in the same ratio to sodium influx as is the concentration ratio, K : Na in 
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plasma, a net influx of 0-021 uEq./min. would be expected at the steady 
state. The actual rate in the control animals, 0-0308 «Eq./min., exceeded 
this estimate, and it is probable that the additional 0:010 »Eq./min. came from 
the lens. Potassium concentration in the lens is 110 — 120 »Eq./ml. (Amoore 
and others, 1959), and rabbit lenses would contain some 75 wEq. potassium, 
of which 20-30 Eq. could be lost to the environment when the metabolism 
of the organ was disturbed (Harris and Gehrsitz, 1951). In addition, the 
isotope 42K is known to equilibrate between plasma and lens in about 2 
hours (Davson, 1955), and a larger contribution might have been expected 
to potassium efflux from the eye. After administering DNP, the entry rate 
of potassium, calculated as before was 0-009 »Eq./min., whilst the efflux had 
remained unchanged, indicating that more potassium (0:020 yEq./min.) 
had entered the transfusate during its passage through the eye. This may 
well have been due to disturbance of lens metabolism by DNP increasing 
the loss of potassium. It needs to be recalled that, both in these experiments 
and in the controls, the sodium efflux from transfusate to lens would be 
limited by the low sodium concentration of the transfusate. If the sodium 
uptake and potassium loss is an exchange process of Na‘ for K: (Harris and 
Gehrsitz, 1951), this limitation of sodium entry would also have limited 
potassium loss and would explain why a greater difference was not observed 
between calculated entry rate and total efflux of potassium. 


Calcium.—The mean total concentration in plasma (all animals) was 1-5 
pM/ml., and the rate of calcium entry calculated to yield a Ca : Na ratio 
similar to that of normal aqueous humour ranged between 4 and 6 yuM/min. 
Both in the control- and DNP-treated animals the calcium effluxes were 2 to 
4 ypzM/min. greater than had been expected, and while this may have been 
partly due to calcium already in the eye equilibrating more slowly with the 
transfusate than did sodium, it also suggests, that, relative to sodium, the 
blood-aqueous barrier permeability to calcium had increased. After treat- 
ment with DNP, the calcium efflux did not decrease in proportion to the 
fall of sodium efflux, indicating that there was not a simple relationship of 
dependence between calcium entrance and that component of sodium 
transport into the eye which is subject to inhibition by DNP. _ If the experi- 
ments in which the control and experimental values were obtained from 
opposite eyes of the same animal are considered, the effects of DNP on 
calcium efflux are of doubtful significance. 


Evaluation of Values for Sodium Influx.—aAt first sight the values for the 

component of sodium influx which was subject to inhibition by DNP or 

Diamox appear to be about one half of the amount entering an intact eye 

by secretion as calculated from figures already available in the literature. 

Langham (1958), for example, gives the net rate of sodium influx as approxi- 

mately 0-75 »Eq./min. Before accepting this conclusion, however, it is 
16 
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worth considering in more detail the derivation of a value for net rate of 
influx from results obtained with 24Na. By using the value, k-=0-0i7 
min.~! from the first evaluation of their experimental findings by Kinsey and 
Palm (1955) and the theoretical considerations of Friedenwald and Becker 
(1956), and by accepting V, =0-29 ml. (Copeland and Kinsey, 1950; Maurice, 
1957), a value of 4-93 yl./min. is obtained for rate of flow from posterior to 
anterior chamber and from anterior chamber to drainage channels, (F,.). 

This is approximately equal to the figure of 5 yl./min. which has been 
indicated previously by Maurice (1957) and Langham (1958). Earlier 
work by Kinsey and Grant (1942) had shown a mean value of 143 wEq./ml. 
for sodium concentration in the anterior chamber aqueous, and a value 
for steady state efflux, which is equal to influx, may be obtained by sub- 
stituting in: 

d 
dt *Mo=Ca ‘Fo=F *Mha 
=0-705 »Eq./min. 

However, there are reasons for supposing that 0-017 min=! is too high a 
value for ky. In the first place Kinsey and Palm (1958) have revised their 
evaluation of the experimental findings published earlier (Kinsey and Palm, 
1955) and now give 0:0100<k,<0-0125 min.-!. In the second place, other 
methods of estimating the rate of flow of the aqueous imply that k, lies 


between 0-0107 and 0-0130 min.-! (Barany and Kinsey, 1949; Kinsey and 
Barany, 1949). Should these latter values be that more nearly correct, the 


estimate of £ * mM, given above should be reduced by between 30 and 40 per 


cent. Another possibility is that the animals used in the present experiments 
had an average of less than 0-29 ml. aqueous humour per eye. Measure- 
ments of V, made 9 years ago on rabbits at this Institute by Maurice (1951) 
yielded an average value of 0-253+0-015 ml. and (although it is conceded 
that this may be an underestimate), using this figure for V, and taking 
k ¢=0-01125 min.—! and c, as 143 wEq./ml., the following figures are obtained: 


- F,=2-85 pl./min. 


é * M,=0-407 wEq./min. 

This value, which should represent the amount of sodium per minute 
entering the intact eye by secretion, is very little greater than the component 
of influx which was inhibited by DNP in the experiments described in this 
paper. Furthermore, it is most improbable that the rate of operation of 
the metabolic process which was responsible for secretion would have been 
independent of temperature; the rapid transfusion entailed in these experi- 
ments would have tended to cool the ocular tissues and thus to decrease 
the rate of active transport. 
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It is obvious that in intact eyes the net influx of sodium due to diffusion 
must be very much less than the net diffusion influx estimated in these 
transfusion experiments, because the concentration difference (c,-c,) is 
very small in comparison with that in the transfused eye. The value of 
00125 min.-! reported for ky(=kg.pq) by Kinsey and Palm (1958) shows 
that the blood—aqueous barrier in intact eyes is sufficiently permeable to 
24Na for the actual flux in either direction to be as great as, or greater than 
the 0-27 »Eq./min. observed in the animals given metabolic inhibitors. 

Taken together, these considerations are consistent with the view that the 
technique which has been described affords an estimate of the rate at which 
sodium was crossing the blood—aqueous barrier into the eye, and also that 
there was a component of sodium influx which was dependent upon normal 
tissue metabolism and which represented the secretory component of 
aqueous humour formation in the normal eye. 

In explanation of observations already reported (Cole, 1959), it was sug- 
gested that a fall in intra-ocular pressure observed after systemic admini- 
stration of hypotonic solutions and an intra-lingual injection of DNP was 
caused by inhibition of the mechanism of secretion of a solute, such as 
sodium ion, into the aqueous. It was proposed, as an explanatory hypo- 
thesis, that the entry of water and solutes into the aqueous approximated to 
isosmotic transfer, so that: 

d 
(i) 


d P 
(a %) 


Knowing from the concentrations of the chief plasma cations that 6°55 yl. 
water was associated with each uM cation, the present results show that the 
change in cation influx caused by DNP administration could account for a 
reduction in the water influx by almost 2-5 yl./min. in an intact eye, which 
would certainly be adequate to explain any fall in intra-ocular pressure. In 
transfusion experiments such as those discussed above, an alteration in water 
efflux of this magnitude would not be detected; the transfusion rate was 
maintained at 50 yl./min. and the concentration of sodium in the transfusate 
was decreased by DNP. However, preliminary experiments indicate that 
DNP causes a considerable reduction in the rate of aqueous formation in 
non-transfused eyes with the outflow channels blocked. 


Summary 


It is already known that the continuous formation and flow of the aqueous 
humour is largely due to the ciliary epithelium transporting water and 
solutes from plasma into the posterior chamber. The rate of formation 
of aqueous is related, amongst other factors, to the rate of entry of solutes, 
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the chief constituent of which in both plasma and aqueous is the sodium icu. 
Previous observations of the effects of certain metabolic inhibitors upon tie 
intra-ocular pressure had indicated a reduction in sodium influx from plasma 
to aqueous and, as a consequence, a decrease in the rate of formation of 
aqueous. 

The rates at which sodium and water enter the aqueous have hitherto been 
measured indirectly by the transfer coefficients of sodium and by the aqueous 
flow constant. In the present experiments the sodium influx has been 
measured directly as a quantity per unit of time, in order to establish whether 
it was decreased by a metabolic inhibitor which was already known to modify 
the intra-ocular pressure. 

For this purpose a method was devised for transfusing the aqueous 
compartment of the rabbit eye with sodium-free, isotonic, mannitol solution, 
buffered at pH 7-45, the intra-ocular pressure not being allowed to fall 
below 30 mm. Hg. The normal drainage channels were occluded with 
mineral oil so that all the effluent fluid could be collected, and measured, 
and the concentrations of sodium, potassium, and calcium determined. 
The efflux rates of these ions were then calculated for successive 10-minute 
intervals for 2 hours after the commencement of the transfusion. 

During the first 30 minutes the aqueous humour originally present in the 
eye was being washed out and the efflux rates decreased rapidly, only ap- 
proaching stable values after 80 minutes. Experiments were performed 
comparing untreated eyes (as controls) with eyes which had been exposed 
to 2, 4: dinitrophenol (DNP), which is known to inhibit certain secretory 
activities especially those concerned in sodium transport, or, in a few cases, 
to “‘Diamox”’ or “ Mersalyl”’. 

In the case of sodium, the stable efflux rate was regarded as a measure of 
the rate at which the ion entered the aqueous from plasma; this averaged 
0-632 »Eq./min. in the control series and 0-271 wEq./min. in eyes treated with 
dinitrophenol. The potassium efflux rate in untreated animals was 30-8 

ppEq./min. and this remained unaltered (30-2 u.Eq./min.) when dinitrophenol 
was given. However, owing to the high potassium content of the lens, 
these figures could not be regarded as necessarily implying that the rate at 
which potassium entered the posterior chamber was unaffected by the 
inhibitor. The calcium efflux rate in the control and treated groups was 9-86 
puM/min. and 6-79 pu.M/min. respectively. In both groups the ratio of 
calcium efflux to sodium efflux was greater than had been expected from 
the values in aqueous from intact eyes. The ratio was greater in eyes treated 
with dinitrophenol than in control eyes, suggesting that the inhibitor had 
increased the permeability of the blood—aqueous barrier to calcium although 
the rate of sodium entry had diminished. 

That component of the total sodium influx which was subject to inhibition 
by dinitrophenol amounted to approximately 0-390 »Eq./min., and arguments 
are presented which indicate that this component was a measure of the rate 
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of sodium secretion from blood to aqueous in the intact eye. On the 
hypothesis that the secretion was approximately isomotic with plasma, 
active transfer of sodium at 0-390 wEq./min. would have accounted for an 
aqueous flow of about 2:5 y1./min., in reasonable agreement with calculations 
based upon total volume of aqueous and published values for the flow 
constant of aqueous derived from the entry rate of radioactive sodium. 


The author wishes to express his thanks to Sir Stewart Duke-Elder for his advice and encourage- 
ment and for the facilities afforded to make this investigation possible. 
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TRIPLE BRANCHING OF RETINAL BLOOD VESSEL* 
BY 


J. PRIMROSE 
London 


THE incidence of triple branching of retinal blood vessels is of sufficient 
rarity to be noteworthy. Duke-Elder (1938) quoted only four authors, 
only one of whom had described more than one case, viz. Liebitsky (1928), 
who cited five occurrences. The anatomy books state categorically that 
retinal vessels divide dichotomously (Wolff, 1948; Salzmann, 1912), as also 
does Michaelson (1954), who has made a special study of developing retinal 
blood vessels. There are so few cases as to indicate this to be the exception 
which proves some rule. The following case is the only occurrence I have 
noticed, though I have seen a close approximation (not so uncommon) 
where two dichotomous branchings came sufficiently near to coinciding 
to suggest that triple branching might thereby arise, as was suggested by 
Liebitzky. 


The patient, an elderly-looking man aged 62 years, attended on account of diplopia 
of recent onset. A slight right superior oblique palsy was found. The fundi were 


healthy apart from involutionary sclerosis and occasional colloid bodies. The right . 


fundus showed a triple division of the superior temporal artery (Figure). 


FicureE.—Right fundus showing triple branching of superior 
temporal artery. 








* Received for publication May 11, 1959. 
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Discussion 


Michaelson postulates a tissue factor for vessel growth and gives good 
reasons why an artery need never cross an artery, nor a vein cross a vein. 
The occurrence of such a crossing has been reported as an exception by 
Snodgrass (1956). Let us see if the same reasons may apply here. The 
need for an additional artery (or vein) may be the accumulation of meta- 
bolites in, or relatively anoxia of, the developing tissue outgrowing what 
blood supply already exists. As soon as this need is met by a branch 
vessel, then no further branch is required until beyond the zone of diffusion 
of metabolites, oxygen, etc. The increase of area of vessel wall inherent 
in any junction would increase that zone of diffusion and inhibit thereby 
any adjacent branch. The capillary-free zone surrounding the arterioles but 
not the veins (Michaelson, 1954), and the marked effect of oxygen on develo- 
ping retinal vessels (Ashton, Ward, and Serpell, 1954) strongly sugsest that 
oxygen requirement alone is sufficient stimulus without postulating special 
tissue factors. 

These influences are at work on developing blood vessels. But there may 
be an inherent tendency of vessels to bud and throw out loops, and it may 
in fact be the reverse influence of full oxygenation and removal of meta- 
bolites which checks more widespread growth of blood vessels. As branches 
arise by budding, it may be that, all the effort for budding having been used 
up at one focus, the parent vessel will have grown further before any more 
effort is available for fresh budding. Or, in other words, it may be that the 


developing bud itself inhibits the growth of any other bud nearby. 

It is significant that, in the cases illustrated in the literature as in that des- 
cribed above, the two side-branches are at right angles to the main stem and 
its continuation running as directly away from each other as possible; also 
the three branches are practically all the same size. This suggests twin buds 
arising simultaneously to account for the triple branching, rather than two 
dichotomous divisions so close together as to coincide. 
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PENICILLIN THERAPY IN TRACHOMA* 


BY 


M. J. GILKES 
Brighton 


In an earlier paper (Gilkes, Smith, and Sowa, 1958a), the effect of large 
systemic doses of penicillin on the presence of Halberstaedter—Prowazek 
inclusions in cases of trachoma was described. Recently the opportunity 
arose to follow up three of the small series of five cases then described. 
18 months after the original course of treatment, and with no further local or 
systemic therapy, all three patients were found to be inclusion-free. The 
conjunctivae were clinically normal apart from scanty fine papillae in one 
case. The cytological appearance of the conjunctival scrapings was normal 
in each case. 

These observations, taken in conjunction with the reported action in vitro 
of penicillin on the T’ang virus (T’ang, Chang, Huang, and Wang, 1957), 
together with the experience of Smith (1958) and other observations made 
by the writer, appeared to justify the treatment with penicillin of a further 


series of cases of inclusion-positive trachoma. 


Methods 


The cases were similar to those described in the earlier investigation. All were 
Africans of Mandingo or Jola extraction. The clinical criteria of trachoma, as 
set out by WHO, were present, and many Halberstaedter-Prowazek inclusions 
were Visible in the conjunctival scrapings. 

The patients were admitted to hospital and conjunctival scrapings were taken a 
day or so before and after the course of treatment. To eliminate the possibility 
that the presence of inclusions might be affected, intermediate scrapings were not 


taken. . 
Where possible, the clinical details were confirmed by slit-lamp examination. 


The inclusions were identified in scrapings using the iodine-staining method of 
Gilkes and others (1958b). 


Treatment Schedules 


Eight cases were treated with phenoxymethyl penicillin (Distaquaine) orally, 


250 mg. 4-hrly for 5 days (total dose 7-5g.). 


Four cases were treated with phenoxymethyl penicillin orally, 125 mg. 4-hrly 
for 5 days (total dose 3-75 g.). 
* Received for publication May 19, 1959. 
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Two cases with the clinical signs of trachoma but no inclusion bodies were 
treated with phenoxymethyl penicillin orally, 250 mg. 4-hrly for 5 days. 

No other local or general treatment was given. The penicillin was administered 
at least 45 min. before a meal. 


Results 


The results obtained are summarized in the Table. Cases 11 and 12 were 
re-admitted one week after the completion of the course of oral penicillin. Inclu- 
sions were then still present. Both were given a course of injections of 900,000 
units of Avloprocil procaine penicillin, daily for 5 days, after which they became 


clinically normal and the scrapings were inclusion-negative. 


TABLE 
RESULTS OF ORAL PENICILLIN THERAPY IN FOURTEEN CASES OF TRACHOMA 





| Results after One Week 
Oral Penicillin 





Stage of 
Clinical Inclusion 


Age : 
Case No. | (yrs) | Trachoma | Islusions | (mg. 4-hrly) 





o 


250 Normal 
Few follicles 
Normal 
Normal 
Normal : 
Residual papillae 
Normal 
Normal 
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active 
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Improved 
Slight improve- 


ment only 
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Cases 3, 6, and 8 had been treated with local penicillin and streptomycin oint- 
ment during the course of the investigation described in the previous paper (Gilkes 


and others 1958a), with no permanent effect on the presence of inclusions. 
In the very young children some difficulty was experienced in the administration 


of tablets and an elixir would have helped. 
Discussion 
In discussing these results the particular characteristics of Gambian 
trachoma must be borne in mind. These have been discussed elsewhere 
(Gilkes, 1958). The disease presents a low incidence of scarring and corneal 


involvement and the sequelae of such lesions. The elimination of the virus 


by means of penicillin appears therefore to permit a speedy recovery of the 
conjunctiva to a normal appearance with minimal residual scarring even in 
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cases of stage three trachoma. That the disease is trachoma is borne out 
by the presence of inclusion bodies, which have been shown by the work of 
Tang and others (1957) and of Collier and Sowa (1958) to be present usually, 
though perhaps not invariably, in cases from China and the Gambia, in 
which the virus has been isolated. 

From the results in the previous series it would seem that the disappearance 
of inclusions from conjunctival scrapings, where these have previously been 
present, may be taken as presumptive evidence of cure of the disease. It will 
be apparent that, where there have been specific physical changes in the 
conjunctiva, removal of the specific infective agent will not cause these 
changes to disappear. It may be that where there is gross thickening of the 
submucous layer of the conjunctiva with crypt formation, this is pathologi- 
cally self-perpetuating even in the absence of the virus or of any other specific 
infective agent. 

The incompletely resolved chronically-inflamed tonsil and appendix appear 
to present similar examples of this process at other sites. 

It would therefore be illogical to expect that in trachoma the therapeutic 
effects of any agent can be assessed on purely clinical grounds. It may well 
be that the disappearance of inclusions from scrapings is an insufficiently 
reliable indication of cure and that this should be confirmed by negative 
chick embryo culture. 


With these reservations the results described in this and the previous paper 


appear to indicate that: 


(1) Systemic administration of penicillin is more efficacious than local adminis- 
tration in the treatment of trachoma associated with Halberstaedter—Prowazek 
inclusions. 


(2) A dosage of 900,000 units procaine penicillin daily by parenteral injection 
for 5 days appears to be curative. 

(3) Oral dosage of phenoxymethyl penicillin, 250 mg. 4-hrly for 5 days is cura- 
tive, but a dose of 125 mg. for the same period results in only 25 per cent. of cases 
being cured. 


Using the results of Brown, Kennedy, Reed, and Stephens (1957), it appears 
that, allowing for variation of absorption and excretion of penicillin in 
individuals, a blood level of at least 0:4 to 0-7 ug./ml. must be attained and 
maintained for 3 or 4 days and probably longer in order to effect a cure. 

The sulphonamides apart, it has been the practice to regard the treatment 
of trachoma, and indeed of most of the conjunctivitides, as a matter for the 
local administration of drugs. Why this is so is a matter for conjecture, and 
may be due to the simplicity of administration by this route. The practice 
would seem to have the same justification as the treatment of throat conditions 
with pigmenta. The local application of substances to the conjunctival sac 
can have only a relatively evanescent effect before being leached away by 
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the tears and inflammatory secretions; where the submucosa is thickened 
with crypt formation it is unlikely that the substance administered will ever 
reach much of the infected epithelium. 

The known sensitivity to penicillin of the other members of the trachoma 
virus group, lymphogranuloma and psittacosis, lends support to the sugges- 
tion that, used rationally by an effective route, this antibiotic merits consider- 
able further investigation in the cure of trachoma. 

An effective concentration of penicillin in the blood will not only result in 
adequate tissue fluid concentrations but also raise the excretion in the tears 
to a sufficient level to have an appreciable local effect. 

Both oral and parenteral routes of administration present advantages, but 
the difficulties likely to arise in administering large numbers of tablets to 
patients with varying diets and potential alimentary pathologies (e.g. infes- 
tations, malnutrition), make daily systemic injections over a short period the 
method of choice. 


Summary 
The late results of the treatment of a small series of cases of inclusion- 
positive trachoma with large doses of systemic penicillin are described. 


The treatment of a further series of similar cases with oral and systemic 
penicillin and the apparent curative effects of the methods and dosages used 


are described. Some aspects of the therapy of trachoma bearing on these 


results are discussed. 


The facilities and help afforded by the Director and Staff of the Medical Research Council 
Laboratories, Fajara, Gambia, and especially the work of Sisters K. Edwards and D. Baird, are 
gratefully acknowledged. 

Thanks are due to Dr. L. Collier and Dr. S. Melville of the M.R.C. Trachoma Research Group 
for assistance and advice. 

Supplies of and information on the phenoxymethyl penicillin used in this investigation were 
obtained from the Distillers Company Ltd. and their advisory staff. 
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CASE NOTES 
PALPEBRAL NEURILEMMOMA* 


BY 


SHREEMOHAN MISHRA anpD JAGANNATH SHARAN 
Darbhanga Medical College, India 


NEURILEMMOMA, which is supposed to be a benign growth of the sheath of 
Schwann—hence the other name Schwannoma—is uncommon in the lid. 
It occurs at all ages and in both sexes. Unlike neurofibroma it is localized, 
usually solitary, and often encapsulated. It seldom becomes malignant. 
Treatment is by excision. Recurrence is rare. 

The tumour shows three distinct though not always sharply separable 
structural patterns. Fasciculated (“Type A”) tissue showing a regimented 
cellular pattern of cells is the most characteristic. Reticular (“‘Type B”) 
tissue, often present with the former, shows an irregular loose network of 
cells interspersed with intercellular vacuoles. The epithelioid type of 
structure (“Type C”’) is seen only rarely. 


Case Report 


A male Hindu aged 18 years, attended hospital.on April 23, 1957, with a mass in the 
medial third of the right upper lid near the margin which had been growing slowly for 
about the past 3 years. 


Examination.—A round, firm subcutaneous growth 1 cm. in diameter was noted. 
It looked like a granuloma from the meibomian gland. 


Treatment.—Under local anaesthesia the 
skin over the growth was incised. The 
growth, which was attached to the tarsal 
plate, was excised with a piece of the plate. 
The wound was stitched up, and recovery 
was uneventful. 


Comment.—The growth was a smooth, 

encapsulated, round mass measuring 8 mm. 

in diameter. Histological examination 

showed an admixture of “Type A” and 

“Type B” tissue. The regimented pattern 

of cells with alternating fibrous and nuclear 

rele ES a BT a Seer zones, comparable to the Wagner-Meissner 

Ficure.—Palpebral neurilemmoma, showing tactile corpuscle, was very distinctive 
palisaded arrangement of tumour cells. (Figure). 

Haematoxylin and eosin. x 175 





* Received for publication August, 4, 1959. 
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BOOK REVIEWS 


Symposium on Glaucoma. Edited by W. B. CLark. 1959. Pp. 314, 99 figs (2 col.), 
Bibl. Kimpton, London. (£5 1s. 6d.) 

One of the most useful features of American ophthalmology is the occurrence of 
symposia on specific subjects and their subsequent publication; it is a relatively new 
development, more common in America than in Europe. Symposia vary in their nature 
and this, as befits the audience which gathers at the New Orleans Academy of 
Ophthalmology, is essentially didactic, meant to bring the average ophthalmoiogist up 
to date in a rapidly growing subject. All the clinical implications of glaucoma are 
reviewed as well as the relevant physiology, biochemistry, and pathology, and much 
attention is given to methods of treatment, both medical and surgical, the whole being 
included in a series of 21 lectures given by a team containing some of the best-known 
ophthalmologists in the States. The lectures are clear, simple, and comprehensive, 
avoiding controversy and the more subtle difficulties of the subject. The last section 
records the ‘‘free”’ discussion wherein members of the panel answered questions from 
the floor. This is the best part of the book: the questions are usually interesting, often 
dealing with matters rarely discussed in standard expositions, and the answers bring the 
theories and.the experience of the members of the panel down to the hard facts of practical 
everyday problems. 


Clinical Ophthalmology, Part 2 (Der Augenarzt, Bd II). Edited by K. VELHAGEN. 
1959. Pp. 901, 480 figs. Thieme, Stuttgart. (D.M. 122.30.) 

The second volume of this good companion of ophthalmology discusses several aspects 
of the subject in a somewhat indiscriminate arrangement. Each article is excellent and 
full of detailed information, and each is written by a recognized German authority. 
There are very adequate author and subject indices. 

The subjects discussed are: subjective symptomatology by Velhagen (Berlin), objective 
methods of examination by Heydenreich (Magdeburg), the light sense by Comberg 
(Rostock), pathological and clinical aspects of errors of refraction and aniseikonia by 
Sachseweger (Leipzig), the pupil by Kyrielis (Marburg), x-ray diagnosis and electro- 
tetinography by Elisabeth Schmdéger (Erfurt), physicotherapy by Peiker (Hildesheim), 
diseases of the lacrimal system by Miiller (Dresden), and diseases of the sclera by Giinther 
(Greifswald). 


Strabismus, Heterophoria, Oculomotor Paralysis: Clinical Aspects of Oculomotor 
Disequilibrium. (Strabismes, hétérophories, paralysies oculo-motrices: Les 
deséquilibrés oculo-moteurs en clinique.) By R. HUGONNIER (Preface by Prof. 
L. Paufique). 1959. Pp. 748, 230 figs. Masson, Paris. (8,500 Fr. frs.) 

A book about strabismus written by a Frenchman is likely to attract much attention, 
not only in France but elsewhere, for some of the most valuable pioneer work in this 
subject has been contributed by the French, notably by Javal, Parinaud, Cantonnet, 
Remy, and Onfray. 

Hugonnier has produced a comprehensive book on the subject, in which he stresses 
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the practical methods of examination and treatment. This well-balanced book is divided 
into six parts: 

. Anatomy and Physiology; 

. Concomitant Strabismus and Heterophoria; 

. Oculomotor Paralysis; 

. Methods of Examination; 

. Non-surgical Treatment; and 

. Surgical Treatment. 

It is clearly written and well illustrated by means of diagrams and charts. The use of 
orthoptic treatment is clearly stated and some useful information is given as to the 
qualities of a good orthoptist, and her role as a medical auxiliary working in close 
collaboration with the ophthalmologist. 

This book is thoroughly up to date and in it one finds information about the latest 
methods of treatment of amblyopia ex anopsia and eccentric fixation. The section 
devoted to surgical treatment is especially good and is well illustrated by drawings. 

There is an excellent chapter on prognosis, a most helpful ‘‘summing up” entitled 
**General Conclusions’’, and finally a fascinating list of aphorisms. 

We expected that a book written by an ophthalmologist from Professor Paufique’s 
clinic at Lyon would be first class and it has come well up to, and even beyond, expectation. 


Encyclopédie Médico-Chirurgicale. logie. A. LAFONT and F. Durieux 
(founders). 5-6 Cahier. 1959. Paris. 
The main articles featured in this Recueil are as follows: 

(1) Hereditary and congenital corneal dystrophy by G. Bonamour and J. Audibert, 
who discuss parenchymal, granular, nodular, and spotted degenerations, degeneration 
of the anterior and posterior limiting membranes, and degeneration in systemic con- 
genital and familial conditions. 

(2) The surgical treatment of strabismus by S. Braun-Vallon, wherein all the operative 
techniques are detailed and indications discussed. 

(3) Hemianopia by P. V. Bérard and G. Farnarier, who deal comprehensively with 
examination and treatment. 

(4) Ophthalmology in the newborn child by P. Brégeat and P. Juge, who review the 
anatomy, embryology, and physiology of the newborn child before discussing develop- 
mental anomalies and ocular disturbances in premature infants, birth injuries, anoxia, 
and infections, glaucoma, retinal tumours, strabismus, ophthalmoplegia, and cerebral 
meningeal lesions. 

In addition to these four main chapters there are nine additional brief notices on 
aqueous humour proteins, iris cysts, enzymatic zonulolysis, the retina in Schilder—Fox’s 
disease, viral pigmentary retinitis, BC 48 therapy, Diamox, ocular myotonic dystrophy, 
and ocular tension following injuries to the globe. 


Neuro-Ophthalmology. (Neuro-ophtalmologie.) By L. GuILLAUMAT, P.-V. Morax, 
and G. OFFRET. 1959. 2 vols, 1388 pp., 464 figs. (11 col. pl.) Masson, 
Paris. (21,000 Fr. frs.) 
This is an excellently produced book in two volumes amounting to some 1,388 pages. 
In the first volume the first chapter deals with the anatomy of the visual system, its 
physiology, and the current methods of examination, and the second with the pupil and 
its reactions, and the diseases which affect its reflex pathways. There follow chapters on 
accommodation, disturbances of motility of the eyes, paralysis of conjugate movements, 
nystagmus, the lids, sensory disturbances of the eye and its adnexa, the eye in epilepsy, 
psychovisual syndromes, and the ancillary methods of examination. 
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The second volume begins by describing the hereditary and congenital anomalies of the 
eye. Separate chapters are allotted to the neuro-ophthalmological complications of 
trauma, the effect of infections on the visual system, exogenous intoxications, allergy, 
avitaminosis, metabolic disturbances, dermatological affections, syndromes affecting the 
musculature of the eyes, lipoidosis, and the demyelinating diseases. Ocular signs of 
psychic origin, vascular disturbances producing ocular signs, blood dyscrasias, cerebral 
tumours, and the complications arising from diagnostic procedures complete the volume. 

It will be seen from these headings that the work is exhaustive, but it is not repetitive. 
There are no case reports. The bibliography appears at the end of the main chapters, 
and there is a useful index. There are many illustrations, mostly line drawings, but the 
book is well laid out and beautifully produced. There are also reproductions of x-ray 
films combined with photographs, and often with photo-micrographs of the pathological 
lesion. Fields of vision are produced in abundance, and the coloured plates are of a 
high standard. The subject matter is up to date. It is apparent in every page that there 
has been close collaboration between neurologists, neurosurgeons, and ophthalmologists, 
each of whom has contributed specialized knowledge drawn from a wide experience. It 
is a book which reflects great credit on French medicine and the editors are to be con- 
gratulated on compiling a text which will surely find its way into the library of any 
hospital which has to cope with problems in neuro-ophthalmology. 


Epidemic Kerato-conjunctivitis. (Kerato-conjunctivitis epidemica.) By H. von Wolffers- 
dorff. 1959. Pp. 115, 42 figs, bibl. Thieme, Leipzig. (D.M. 25.60.) 

This short but detailed monograph deals with the whole problem of epidemic kerato- 
conjunctivitis—the story of the recognition of the disease (which certainly dates back to 
the epidemic in Vienna in 1885), its clinical characteristics, differential diagnosis, and 
immunity reactions; the isolation of the causative virus and the prophylaxis and treatment 
are also fully discussed. One of the most interesting parts of the monograph is the detailed 
study of the incidence of the disease in several epidemics in cities in central Europe. 


Handbook of Physiology. Section 1: Neurophysiology. Vol. 2. Editor-in-chief John 
Field. 1960. Pp. 659, numerous figs, bibl. Williams and Wilkins, Baltimore; 
Bailliére, Tindall, and Cox, London. (£8 16s. 0d.) 

The second volume of the large Handbook of Physiology, sponsored by the American 
Physiological Society under the editorship of John Field, which has now appeared, 
maintains in every way the high standard set by the first volume (Brit. J. Ophthal., 1959, 
43, 768). This volume deals with motor and sensory somatic mechanisms, the extra- 
pyramidal system, the central and peripheral autonomic system, and the general nervous 
control of such functions as respiration, circulation, digestion, and body temperature. 

From the ophthalmological point of view the subject of most immediate interest is an 
excellent résumé of the central control of ocular movements by Whitteridge of Edinburgh, 
wherein are discussed the structure and innervation of the extrinsic muscles of the eye 
together with the neural mechanism subserving their activity in the mid-brain, the cere- 
bellum, the labyrinth, and the cerebral cortex. Of almost equal ophthalmological interest 
are the several chapters on the central regulation of autonomic functions, a vast subject 
the importance of which is a comparatively new development in the study of the central 
nervous system. Each section is authoritative and at the same time remarkably exhaustive 
in the discussion of its subject and each is provided with an extensive and wisely-chosen 
bibliography. 
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The Morphology and Pathology of the Anterior Chamber of the Eye. (Zur Morphologie 
und Pathologie der Kammerbucht des Auges.) J. Rohen and H. H. Unger. 
1959. Akad. Wiss. Lit., Abhandl. Math.-Naturwiss. Klasse, No. 3, p. 125, 
82 pp., 53 plates (1 col.). Mainz. (D.M. 18.) 

Both Rohen and Unger have long been known for their outstanding researches on the 
anatomy of the eye, and it is good that they have summarized modern views on the 
structure of the angle of the anterior chamber and the changes that occur therein in 
pathological conditions. The monograph includes an outline of the development of 
this important part of the eye and its anatomical configuration in rodents, carnivora, 
ungulates, primates,and man. This section includes a detailed description of the episcleral 
vessels, the outflow channels of the aqueous humour, and the structural alterations which 
occur during accommodation, as determined both gonioscopically and by histological 
examination. The final section deals with pathological changes. The monograph is 
worth having if only for the 53 excellent plates illustrating the text. 


NOTES 


IRISH OPHTHALMOLOGICAL SOCIETY 


The Annual Meeting of the Irish Ophthalmological Society will be held in Dublin on 
May 5-7, 1960. The Montgomery Lecture will be given by Prof. H. Goldmann of 
Berne. 





Sir Stewart Duke-Elder was elected a Fellow of the Royal Society on March 24, 1960. 


OBITUARY 


SAMUEL RONALD SINCLAIR 


Sam Sinclair died suddenly on January 18, 1960, at the early age of 47, while on holiday 
in England. 

Educated at Campbell College, Belfast, and later at the Queen’s University, Belfast, 
he qualified M.B., B.Ch. in 1936, having previously taken a B.Sc. degree. He proceeded 
to London to complete his apprenticeship in ophthalmology at St. Thomas’s Hospital 
and at Moorfields, and took his D.O.M.S. in 1939. At the outbreak of hostilities in 
1939 he joined the R.A.M.C. as an ophthalmic specialist and served throughout the war, 
seeing considerable service in the Middle East. Returning to civil life he became a 
Fellow of the Royal College of Surgeons (Edinburgh) and then returned to his native 
Belfast. Here he was appointed to the staff of the Belfast Ophthalmic Hospital and the 
Royal Victoria Hospital, at both of which he was serving at the time of his death. At the 
latter he was also acting as secretary of the medical staff. His passing will leave a gap 
both on the teaching and the administrative staff which will be hard to fill. 

He was always a keen sportsman—in his student days he had been a scratch golfer, 
but lately his chief hobby was sailing, many of his weekends being spent at his cottage on 
Strangford Lough. An able ophthalmologist, a delightful colleague and companion, a 
courteous and generous host, he will be sadly missed by his many friends. To his wife 
and three young daughters we extend our sincere sympathy. 
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COMMUNICATIONS 


LATTICE DYSTROPHY OF THE CORNEA* 
A CLINICAL AND MICROSCOPIC STUDY 


BY 


A. J. DARK AND D. S. THOMSON 
Nuffield Laboratory of Ophthalmology, University of Oxford 


AT the turn of the 20th century three forms of dystrophy primarily affecting 
the corneal stroma were described by independent observers. All three are 
genetically conditioned, bilaterally symmetrical, avascular degenerations 
which become manifest after birth and produce progressive impairment 
of vision. They are thus classified as abiotrophies (Gowers, 1902). Two of 
these ‘“‘classical”’ dystrophies, the lattice and granular forms, are transmitted 
as dominants, the third, macular dystrophy, being inherited recessively. 
Comprehensive reviews of the literature pertaining to these dystrophies have 
been compiled by Biicklers (1938), Franceschetti, Klein, Forni, and Babel 
(1950), and, more recently, the lattice type in particular has been reviewed 
by Ramsay (1957). 

The separate identity of the two dominant forms had been questioned 
until Biicklers (1938) convincingly demonstrated their individuality. He 
showed that past confusion had arisen chiefly because of lack of appreciation 
of the changing morphology of the granular form with age; the early stages in 
particular closely resemble the lattice form. 

Microscopically, in both conditions, a deposition of amorphous hyaline 
material of unknown composition (possibly similar in both forms) is found 
in the anterior layers of the corneal stroma. The aetiological significance 
of such changes is quite unknown. 

A trephine corneal disc from a case of lattice dystrophy recently became 
available and it was considered of interest to try to determine the nature of 
the fundamental pathology. In the following paper tinctorial and histo- 
chemical studies of the cornea are presented with clinical studies of two 
families affected with lattice dystrophy. To some extent the clinical and 
microscopic aspects are interwoven; furthermore, apart from their intrinsic 
interest, the clinical data are essential for correct diagnosis; their omission 
by some authors has led and continues to lead to confusion. For example, 
Wolter and Cutler (1958) have written on the corneal histopathology in a 
case of granular dystrophy, but the clinical information given is strongly 
suggestive of the macular form. 





* Received for publication June 23, 1959. 
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Clinical and Genealogical Study 


Materials and Methods 


Details of two unrelated families are presented: one lives in Leicestershire and is 
designated Family “L”’; the other, an Oxfordshire family, is designated Family 
“6 

All available members of the two families were seen and an ocular and general 
medical history was obtained. This was followed by a full ocular examination 
and, in most of the affected members, by a general medical examination. Parti- 
cular attention was paid to the investigation of the cranial nerves. 

The ocular examination included refraction and trial with an afocal contact lens 
when indicated. Detailed study of the cornea was made in the following sequence: 
(i) naked eye, (ii) lens and x 8 loupe, (iii) ophthalmoscope with +20 D lens in front 
of the sight hole, (iv) slit-lamp microscope, magnifications ranging from x 10 to 
x 40. 

In some cases corneal nerves were stained intravitally with methylene blue by 
the technique recently advocated by Oppenheimer, Palmer and Weddell (1958). 
Corneae of all affected patients were examined in ultra-violet light of 3,650 A 
wavelength. The patient was seated at the slit-lamp table and ultra-violet light 
from an Osram black-glass mercury lamp (10 W.MBW/U) 2 ft away from the 
patient was intensified by interposing a quartz condensing lens between the lamp 
and the cornea. This little-used technique of ocular examination (Stein, 1957) was 
suggested by one of the histochemical results; intense fluorescence of the lattice 
opacities was observed under the ultra-violet microscope. 

Corneal sensitivity was evaluated by lightly touching the cornea with mono- 
filamentous nylon suture threads of differing calibre (Nos. 1-7). Each thread was 
fixed to a metal holder so that | inch projected, and was directed so that it touched 
the cornea obliquely. 

Clinical descriptions are confined to affected patients. One illustrative case from 
each family is described in detail, and the remainder are summarized. 


Family ‘‘L”’ 


The pedigree of this family, covering six generations, is shown in Fig. 1 (opposite). 
It contains 213 members, of whom ninety have been examined. Eleven were found 
to be affected and reliable evidence suggests that the disease was present in a further 
four, now deceased. 77 members reputed to be normal were not available for 
examination, and there were 42 concerning whom no useful information could be 
obtained. 


Case L.III.58, Mr. J. B., born 1894 (age 65), retired butler 


Ocular History —Recurrent attacks of pain, redness, and lacrimation lasting several 
days and affecting each eye separately since the age of 42 years. Defective vision, 
especially in the left eye, noticed at age 45. Attended Worcester Hospital and had 
corneae cauterized several times. No attacks for 9 years. Still reads with aid of 


magnifying glass. 
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General Medical History.—Pernicious anaemia for 20 years. Increasing bilateral 
deafness over past 12 years, which, combined with inadequate vision, caused retirement 


2 years ago. 


General Physical Examination —No abnormalities except bilateral middle-ear deafness. 
Cranial nerves normal. 


Ocular Examination 


Visual Acuity: Right Eye: 6/18 with correction; N5 with spectacles and magnifying 
glass. 
Left Eye: Counts fingers at 2 metres. Improved to 6/60 with afocal 


contact lens. 
Conjunctivae and Sclerae: Healthy. 


Corneae: 

(a) Naked Eye.—Both corneae show a greyish translucent appearance with numerous 
striae in the zone midway between the pupil and the limbus. Considerable asymmetry 
exists; the dystrophy is more advanced in the left cornea, in which striae are more 
numerous, the anterior surface is irregularly faceted, and a faint central disc-shaped 
nebula is present. This correlates with the marked difference in visual acuity of the 
two eyes. 


(b) x8 Loupe.—The lattice opacities are seen as linear striae more or less radially oriented 
and exhibiting occasional Y-shaped branching. Each stria shows fine calibre vari- 
ations. Opacities are more numerous in the lower half of each cornea. A very faint 
central nebula is now also visible in the right cornea. 


(c) Ophthalmoscope +20 D lens.—The striae are silhouetted as a brownish reticie against 
the red reflex. Photographs with a Zeiss-Nordensen retinal camera show this and 


other features described above (Figs 2 and 3). 


Fic. 2.—Case L.II1.58, right eye (visual acuity Fic. 3.—Case L.III.58, left eye (visual acuity 
6/18, N10 corrected), showing typical lattice counting fingers at 2m.). In comparison with 
striae. Anterior corneal surface smooth. _ the right eye (Fig. 2), the lattice opacities are 
The faint central disc opacity mentioned in thicker and more numerous. The central disc 
the text is not visible. opacity is just discernible. Faceting of anterior 
Photograph, under full mydriasis, with corneal surface indicated by multiple imagery 

Zeiss—Nordensen retinal camera. x6. of flash. he 4 
Photograph, under full mydriasis, with 


Zeiss—Nordensen retinal camera. x 6. 
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(d) Slit Lamp.—A few punctate erosions staining with fluorescein present centrally in the 
right cornea; none seen in the left. In optical section the corneal epithelium rests 
on a relucent white seam which thickens centrally to correspond with the disc-shaped 


nebulae. The lattice opacities lie in the anterior half of the stroma and possess a grey 
homogeneous relucency. Indirect retro-illumination outlines the lattice striae, the 


margins towards the illuminated iris patch being dark and those away from it luminous, 
indicating a material of greater refractive index than substantia propria (Graves, 1924). 


The deeper layers of the stroma, Descemet zone and endothelium appear normal. 
No blood vessels are present in either cornea and limbal arcades are normal. 


Corneal Sensation: Both corneae centrally insensitive to No. 7 nylon, peripherally 
sensitive to No. 2 nylon. 

Ultra-violet Light: The lattice striae exhibit a silvery-white fluorescence; the central 
nebulae are not fluorescent. 


Intravital Methylene Blue Staining: Corneal nerves are unstained, but the conjunctival 
nerves are well shown and appear normal. The lattice opacities do not stain. 


Case L.11.25, Mr. T. B., born 1874 (aged 85), retired railwayman 


Ocular History. —Gradual bilateral visual failure at age 40, accompanied at first by 
polyopia. 14 years later unable to read newsprint with magnifying glass. Recurrent 


attacks of redness, pain, and photophobia began at age 58. Attacks lasted 2 to 3 days 


and occurred two to three times a year. 


General Physical Examination —Mild parkinsonism. 


Ocular Examination 
Visual Acuity: Right Eye: Counts fingers at 4 metre, not improved with spectacle 


lenses. Improved to 6/60 with afocal contact lens. 
Left Eye: Counts fingers at 1/3 metre. No improvement with any 


type of lens. 
Corneae: Both show central nebulae and lattice striae in the paracentral zone; 
striae are fewer. and stouter than in L.III.58, they are refractile and golden yellow in 
colour. There are also masses of refractile yellow material aggregated beneath 
the epithelium, often in close relation to the lattice opacities. Similar material is 
distributed in a crescent along the nasal limbus of the left eye. A dense vascularized 
leucoma is present in the upper temporal quadrant of the left cornea. 
Corneal Sensation: Absent centrally to No. 7, but present peripherally to No. 2 nylon 
in both corneae. 
Ultra-violet Light: The lattice opacities are fluorescent but not the central nebulae or 
dense leucoma. Within the leucoma are embedded two lattice striae which were not 
visible in ordinary illumination. 
Intravital Methylene Blue Staining: A few nerves in both corneae are shown; they 
‘have no connexion with lattice opacities. Several lattice striae are also coloured 
green or blue depending on the amount of dye absorbed. This colouration persisted 
for several weeks and is therefore not true intravital staining (which, characteristically, 
is an evanescent phenomenon), but rather simple staining of devitalized tissue. 
Conjunctival nerves and Krause’s end-bulbs stained and appeared normal. 


Case L.111.38, Mrs. G. C. H., born 1882 (age 77) 


Ocular History.—Suffered from recurrent ocular “‘ulceration’’ since age 22. Treated 


by Mr. Ridley at Leicester Royal Infirmary from 1906-1928. Hospital notes give 
diagnosis—‘‘typical ABC keratitis’? (a synonym for lattice dystrophy), and record 


branching striae. In 1950 perforating keratoplasty was performed on both eyes. 








262 A. J. DARK AND D. S. THOMSON 


Ocular Examination C 

Visual Acuity: Right Eye: 6/60 
Left Eye: 2/60, not improved with any type of lens. 

Corneae: No lattice opacities now visible in either. The right graft is cloudy and 2 
surrounded by dense white scar tissue—which thins out towards the periphery. ul 
There are numerous superficial and deep vessels in the stroma. The left corneal 
appearance is similar, but the graft is comparatively clear. Central lens opacities 
are present in this eye. 
Corneal Sensation: Right cornea, including graft, insensitive to No. 7 nylon: left 
cornea sensitive to No. 1 nylon above and No. 2 below, graft insensitive to No. 7. 


Ultra-violet Light: No fluorescent material in either cornea. 




































Case L.III.55, Mr. J. F. B., born 1892 (age 67), miner 


Ocular History.—Visual failure commenced at age 55. Mild attacks of redness from 
time to time. 


General Health—Excellent. 


Ocular Examination 





Visual Acuity: Counts fingers at 1 ft each eye, not improved with any type of lens. c 
Corneae: Well marked numerous lattice striae with distinct yellow tint; they fluoresce 
in ultra-violet light. 
Corneal Sensation: Gross impairment in both. 
Case L.III.56, Mr. A. B., born 1893 (age 66), grocer 
Ocular History.—Attacks of redness and visual failure from age 48. On March 22, 
1958, a 4-mm. penetrating graft was done in the left eye. On April 20, 1958, a biopsy 
was taken of the left second costal cartilage. 
General Physical Examination—No abnormality. 
Ocular Examination 
Visual Acuity: Right and left, hand movements; not improved with any type of lens. ( 
Corneae: Examination on November 20 shows findings similar to those in L.III.58. 
Left graft translucent and insensitive, not invaded by lattice material. Right eye is f 
shown in Fig. 4. ‘ 
C 


Fic. 4.—Case L.III.56, right eye (visual 
acuity hand movements), showing irregular- 
ity of anterior corneal surface with central 
disc-shaped nebula, and coarse lattice striae. 

Photograph with Zeiss-Nordensen retinal 
camera. x6. 
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Case L.111.61, Mrs. A. P., born 1900 (aged 59), housewife 

Ocular History.—Noticed left eye “‘weaker’’ an right at age 35. At age 45 
developed left corneal ulcer which took 5 weeks to heal. Further attacks of ulceration 
subsequently in both eyes. Admitted on July, 1958, to Exeter hospital with hypopyon 
ulcer of right cornea. 


General Health.—Arthritis right knee, otherwise satisfactory. 


Ocular Examination 

Visual Acuity: Right Eye: 6/18, N8 with correction. 

Left Eye: Counts fingers at 4 metre; not improved with any type of 

lens. 

Corneae: Both show characteristic striae as in L.III.58, but have distinct yellow 
tinge. Both show central nebulae, and the right a dense vascularized leucoma in 
the nasal half, the result of the corneal ulceration in July, 1958. The lattice opacities 
fluoresce in ultra-violet light. 
Corneal Sensation: Impaired centrally to No. 7 nylon, but present peripherally to 
No. 4 nylon. 


Case L.III.70, Mrs. A. C., born 1910 (age 49), housewife 
Ocular History —Recurrent attacks of inflammation since age 35. 


Genera! Health—Excellent. 


Ocular Examination 
Visual Acuity: Right Eye: 6/60, N48 with correction. 
Left Eye: 6/6, N5 with correction 
Corneae: Both show features similar to those in previous cases, but changes much 


more advanced in right eye. Only occasional lattice opacities and no central disc 
in left eye. ; 

Corneal Sensation: Impaired centrally to No. 5 nylon in both eyes. Lattice 
opacities faintly fluorescent. 


Case L.IV.32, Mrs. L. P., born 1910 (aged 49), housewife 

Ocular History.—Attacks of ocular discomfort in each eye began at age 48. Visual 
failure began at the same time. 

General Health.—Excellent. 


Ocular Examination 
Visual Acuity: Right Eye: 6/24 with correction. 
Left Eye: 6/18 with correction. 
Corneae: Both show moderately advanced lattice dystrophy with central disc opacities, 
some lattice striae reach limbus. 
Corneal Sensation: Retained to No. 1 nylon in both corneae. 


Case L.IV.33, Mrs. H. W., born 1914, (aged 45), housewife 
Chronic ‘‘conjunctivitis’’ since age 43. 
Visual Acuity: Right Eye: 6/6. 
Left Eye: 6/12 with correction. 
Corneae: Right shows single lattice opacity in central area. Left shows irregular 
net of striae covering most of the cornea. 
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Case L.IV.34, Mrs. E. B., born 1916 (aged 43), housewife 
Ocular Examination.—No inflammation. 


Visual Acuity: Right Eye: 6/12. 
Left Eye: 6/6 with correction. 


Corneae: Right shows several large grey lattice striae and a few finer ‘‘spider-like”’ 
opacities lying more superficially. All changes confined to temporal half of cornea. 
Left shows a single stout lattice opacity. 

Corneal Sensation: Normal. 

Ultra-violet Light: Not examined. 


Case L. IV.40, Mrs. M. L., born 1921 (aged 38), housewife 
No general or ocular complaint. 
Visual Acuity: 6/5, N5, each eye unaided. 
Corneae: Right completely normal; left shows several delicate branched lattice 
striae and more superficially two fine ‘‘spider-like’’ opacities. 
Corneal Sensation: Present to No. 1 nylon. 
Ultra-violet Light: Faint fluorescence of lattice striae. 


THE FOLLOWING MEMBERS OF FAMILY ‘‘L”? WERE PROBABLY AFFECTED. 


Case L.I.5, Mr. I. B., died 1909, aged 70 

His son states that his father suffered from recurrent attacks of ocular inflammation 
from age 45 onward. Visual deterioration set in at the same time and finally became so 
severe that he had to give up his employment (publican). 


Case L.II.21, Mr. A. B., died 1950, aged 86 

Attacks of inflammation and deterioration of vision began at age 45. When seen by 
an oculist in his 70’s there were bilateral corneal scarring and ‘‘atheromatous ulcers”. 
Photograph in hospital notes shows opacification of both corneae. 


Case L.II.22, Mr. W. B., died 1938, aged 70 

His daughter (Case L.III.61) remembers that her father suffered from recurrent ocular 
irritation, and says that he observed an effect like looking through a crystal in bright 
sunlight. He was unable to read for some years before his death. 


Case L.III.39, Mr. C. B., died 1956, aged 62 
Form B.D.8. (Blind Registration) records ‘‘ Fair general health. Keratitis and scarring 
both corneae’’. 


Family “oO” 
The pedigree of this family, covering four generations, is illustrated in Fig. 5 
(opposite). There are 36 members, of whom 31 have been examined. Of these, five 
in Generation III were affected with typical lattice dystrophy, 25 members were 
found to be normal, and a further four reputed to be normal. Two cases (O.II.2 
and O.1.2) were thought on evidence presented below to suffer not from 
lattice dystrophy, but from recurrent erosions of the cornea. 
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Fic. 5.—Pedigree of Family ““O”’. 


Case O.III.3, Mr. F. J. M., born 1927 (age 32), fitter 


Ocular History —Recurrent acute attacks of ocular inflammation with photophobia 
and lacrimation affecting each eye separately began in childhood. Attacks begin on 


waking, last 2 to 3 days, and occur two to three times a year. 


General Health—Excellent. 
Visual Acuity: Right and left eyes 6/5, N5 with correction. 
Conjunctivae and Sclerae: Healthy. 


Corneae: 
(a) Naked Eye.—Faint central disc-like opacity and numerous very fine striae present. 
(6) x8 Loupe.—tinterposed _ be- 
tween the delicate lattice striae 
are numerous punctate opaci- 
ties—a feature not present in 
family “L”’. 
(c) Ophthalmoscope.—Striae seen 
as fine dark threads against 
pupil glow (Fig. 6). 


Fic. 6.—Case O.III.3, right eye (visual 
acuity 6/5, N5 unaided), showing reticle 
of delicate lattice striae silhouetted in 
fundus glow. Anterior corneal surface 
smooth. Punctate opacities not visible. 
Photograph, under full mydriasis, with 
Zeiss-Nordensen retinal camera. x6. 
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(a) Slit Lamp.—Fine lattice striae and punctate opacities have a colourless crystalline 
appearance in diffuse light. In optical section they are homogeneous and relucent; 
they lie in the anterior half of the substantia propria. A subepithelial opaque seam 
corresponds to the central nebula. Indirect retro-illumination reveals a similar 
appearance to that observed in L.III.58. 

Corneal Sensation: Both sensitive to No. 4 nylon centrally and No. 2 peripherally. 


Ultra-violet Light: The lattice fibres and punctate opacities show’ silvery-white 
fluorescence. The central disc is not fluorescent. 


Case O.III.4, Mr. E. M., born 1929 (aged 30), motor mechanic 
Ocular History.—Recurrent attacks of inflammation began at age 8. 
General Health.—Excellent. 


Visual Acuity: Right Eye: 6/9, NS. 
Left Eye: 6/12, N8, corrected. 


Corneae: Both corneae show lattice and punctate opacities which are fluorescent with 
central non-fluorescent nebula, as in Case O.III.3. 
Corneal Sensation: Impaired, especially centrally. 


Case O.III.8, Mrs. K. F., born 1936 (aged 23), housewife, married to an American soldier 
stationed in Hawaii. 
Visual Acuity: Right Eye: 6/12. 
Left Eye: 6/18, corrected. 


Examination by an ophthalmologist confirms history of recurrent attacks of inflam- 
mation since age 14, and presence of lattice dystrophy in both eyes. 


Case O.III.10, Miss D. M., born 1939 (aged 20), typist 
Ocular History: Recurrent attacks of inflammation (similar to Case O.III.3) since 
childhood. 


Visual Acuity: Right Eye: 6/5. 
Left Eye: 6/24 with correction. . Defective vision attributable to 


amblyopia ex anopsia. 
Corneae: Both show punctate and lattice opacities, but central disc opacities are 
absent. The lattice and punctate lesions are fluorescent in ultra-violet light. 


Corneal Sensation: Present to No. 1 nylon. 


Case O.111.12, Miss C. M., born-1943 (aged 16), schoolgirl 

Ocular Examination—No symptoms. 
Visual Acuity: 6/6, N5 each eye, unaided. 
Corneae: Characteristic features of lattice dystrophy present in both, similar to Case 
O.II1.10. Striae are fine and tend to have radial orientation. 
Corneal Sensation: Tests not done. 
Ultra-violet Light: Examination not done because the patient was extremely appre- 
hensive. 


Case O.II.2, Mrs. W. M., born 1902 (aged 57), housewife 
Ocular History.—Recurrent attacks of ocular inflammation affecting both eyes, com- 
menced in childhood. 





LATTICE DYSTROPHY OF THE CORNEA 


Ocular Examination: 
Visual Acuity: 6/12, N8 each eye, corrected. 
Corneae: Central translucent corneal opacities (deeply vascularized in both eyes) 
central below pupillary zone. Right opacity lying in anterior third of substantia 
propria shows numerous lines of clearing (Fuchs). Left opacity lies in the deeper 
layers of the stroma. No lattice or punctate opacities in either eye. 
Corneal Sensation: Tests refused. 
Ultra-violet Light: Examination shows no fluorescent material in either cornea. 


Blood: Wassermann reaction and Kahn test negative. 
Diagnosis: Corneal scarring following recurrent erosions of corneae. 


Case O.I1.2, Mrs. J. E., born 1876, died 1953 

The patient is reported (by Case O.II.2, her daughter, who is a reliable witness) to have 
suffered from recurrent ‘‘corneal ulcers”’ since childhood; in spite of this, she was able 
to read newsprint until her death at 77 years of age. Notes made by a consultant oculist 
to the London Hospital in 1903 indicate ‘‘herpetic ulcers of both corneae’’; no mention 
of corneal opacities is made, nor, unfortunately, of the visual acuity. It seems quite 
possible from this information that this patient also suffered from recurrent erosions of 
the corneae. 


Microscopic Study 


Methods 
A full-thickness disc of corneal tissue (4 mm. diam.) obtained from Case 
L.I11.56 during keratoplasty was placed in calcium formol fixative immediately 


after removal and allowed to fix for 24 hours. 

The disc was then cut into three approximately equal portions with a sharp 
razor. One third was embedded in celloidin, and the other two thirds were 
sectioned on the freezing microtome. 

For general histological examination 7u celloidin sections were stained 
with haematoxylin and eosin, May—-Grunwald—Giemsa, the “‘ Azan” method, 
van Gieson, Masson’s trichrome, orcein for elastin, Gordon and Sweet’s 
stain for reticulin, and Mallory’s phosphotungstic acid-haematoxylin for 
fibrin. Tangential frozen sections 15u thick were stained with the Bielschow- 
sky silver method for nerve endings. 

Various histological and histochemical methods were then employed 
for analysis of substances encountered in the diseased cornea. These 
techniques, which were performed on both frozen and celloidin sections, will 
be referred to alongside the results obtained in the analysis. 

Finally, a biopsy specimen of costal cartilage was obtained, also from Case 
L156. This was fixed in calcium formol. Celloidin sections were exami- 
ned under phase-contrast, and after staining with haematoxylin-eosin and the 
May-Grunwald—Giemsa mixture. 


Results 
Histology of the Cornea.—The cornea is of normal thickness and entirely 
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avascular. It shows the unique features (Figs 7, 8, 9) characteristic of lattice 
dystrophy (Hermann, 1946; Paufique, Offret, and Bonnet, 1949; Franceschetti 
and others, 1950), viz. the typical accumulation of an unknown “‘hyaline’’ amor- 
phous material in the anterior portion of the cornea. 


Fic. 7.—Anterior surface of 
epithelium is smooth. Epithe- 
lium varies greatly in thickness, 
conforming with irregularities in 
underlying stratum, which is com- 

of newly-formed collagen 
(C) (fibrillar appearance on right) 
and an amorphous degeneration 
product (A) (seen on _ left). 
Bowman’s membrane (B) is al- 
most unstained—on the left it is 
fibrillated and is undergoing de- 
generation and absorption. A 
lattice opacity (L) is seen in cross- 
section, displacing adjacent cor- 
neal lamellae. Haematoxylin and 
eosin. x 510. 


Fic. 8.—Subepithelial layer (C) 
composed chiefly of collagen 
fibres, but in places containing 
yellow streaks of amorphous 
material running parallel to the 
surface. Bowman’s membrane 
(B) is bordered with a yellow 
amorphous material. A few 
yellow amorphous streaks are 
seen in the anterior part of the 
substantia propria. Several lattice 
opacities (L) have been cut in 
mi geben van Gieson. 

x15 


Fic. 9.—Abnormally thin epithelium, reduc- 
tion in prickle-cell layers, and elongation 
of basal cells. Subepithelial stratum of 
collagen (C) deposited parallel to surface. 

urfaces of Bowman’s membrane (B) coated 
with a blue amorphous material which has 
also accumulated in Bowman’s membrane 
to form three dark vertical lines (? neural 
canals). Lattice opacities (L) seen in cross- 
section. May-—-Grunwald-—Giemsa. 225. 
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Corneal Epithelium.—The anterior surface of the corneal epithelium is com- 
paratively smooth. Variations in the height of the epithelium are conspicuous; 
they are due largely to variations in the number of cell layers (1 to 8) and to a 
lesser degree to variations in size of the individual cells. These variations in 
epithelial thickness conform with irregularities in an underlying seam of amorphous 
material which is fully described with the substantia propria. 

Epithelial squames are normal in appearance and are not keratinized. The 
basal cells show considerable variation in shape and arrangement; they may be 
considerably elongated, as in Fig. 9, or spherical with a pyknotic nucleus. The 
cytoplasm of this latter type of cell is practically unstained ; these cells are probably 
degenerating. In places the epithelium is infiltrated by masses of amorphous 
material from the underlying layer, detached fragments of this material are found 
isolated within the epithelium. 


Substantia Propria.—In this layer three abnormalities are conspicuous. 

(1) A layer of variable thickness is interposed between the epithelium and 
Bowman’s membrane. 

(2) Bowman’s membrane is undergoing dissolution and has disappeared in 
places. 

(3) Lattice opacities are seen in transverse or oblique section as round or 
oval amorphous masses in the anterior half of the substantia propria 
(Fig. 8). 

The layer between the epithelium and Bowman’s membrane is largely composed 
of birefringent fibres running parallel to the surface. Its appearance and staining 
properties show it to be collagen; a few flattened fibroblast nuclei are present. An 
amorphous material which has different staining properties from collagen is also 
found in this layer. It is present for the most part as a narrow band immediately 
beneath the epithelium, but in places exuberant masses of this material infiltrate 
the epithelium, occasionally reaching almost to the surface (Fig. 7); elsewhere it 
forms sessile extrusions between the basal cells. Detached pieces of this material 
are sometimes seen lying extra-cellularly at different levels within the epithelium. 
These intra-epithelial extrusions and fragments doubtless reach the surface and 
are cast off from time to time. This amorphous material stains pink with haemo- 
toxylin and eosin, yellow with van Gieson, red with the Masson and “Azan” 
methods, and exhibits blue basophilia in May—Grunwald—Giemsa preparations; 
it is mostly unstained with Mallory’s phosphotungstic acid-haematoxylin, but 
occasional blue-black streaks and granules are visible. Phase-contrast micro- 
scopy confirms its amorphous nature. It is monorefringent in polarized light. 
Streaks and bands of this amorphous material are also seen within the collagen 
of this layer (Fig. 8). 

Large portions of Bowman’s membrane have totally disappeared. In places it is 
fibrillated and obviously undergoing absorption (Fig. 7). Its normal affinity for 
dyes is greatly reduced—so that with most stains it exhibits a marked “‘pallor”’, 
rendering it conspicuous by contrast to the collagen on either side (Figs 7 and 9). 
Both surfaces of Bowman’s membrane are covered with a more or less complete 
but thin layer of material (Fig. 9), possessing staining properties identical with those 
just described for the amorphous substances associated with the sub-epithelial 
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layer. This material is also found within Bowman’s membrane as fine vertical 
streaks, possibly corresponding to the neural canals (Fig. 9) and as irregular 
clumps. 

Conspicuous masses corresponding to the lattice opacities are found exclusively 
in the anterior half of the corneal stroma. They displace and distort the adjacent 
lamellae “‘like the pylons of a bridge disturb the flow of a river” (Offret, 1955). 
These apparently homogeneous deposits stain in a manner similar to that of the 
amorphous material deposited more superficially in the cornea, and described above. 
However, they differ in a single important respect, viz. the reticulin method demon- 
strates that, far from being homogeneous or “‘hyaline”’ deposits, as described by 
most previous investigators, there is embedded in the amorphous material a dense 
meshwork of fine unbranched black fibrils (Fig. 10). Some of these fibrils are 
aggregated into bundles which are seen to be directly continuous with the adjacent 
stromal fibres. A few of the larger bundles of fibrils can be seen with phase contrast. 
These appearances strongly suggest degeneration of collagen fibres with resultant 
loss of their normal staining properties and the concurrent development of an 
argyrophilia identical to that possessed by reticulin. Most of these fibrils are 
monorefringent in polarized light, indicating a physical alteration in the axial 
alignment of the constituent collagen molecules, but a few bundles retain their 
birefringence, especially near their connexion with the adjacent normal collagen. 
The amorphous material itself appears to be monorefringent. 


Fic. 10.—Obliquely sectioned lattice opacity (L) con- 
taining dense meshwork of argyrophil fibrils, some of 
which are aggregated into bundles continuous with the 
adjacent stromal fibres. Reticulin stain. x225. 


Apart from the prominent lattice masses, smal] bands of amorphous material 
streak some of the anterior stromal lamellae, running parallel to the corneal 


surface (Fig. 8). They stain in the same way as the other amorphous substances 
already described. These streaks are more clearly visible and perhaps more 


numerous in preparations stained with Masson’s trichrome. 
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In thick unstained frozen sections (40), the lattice material composing the 
striae has a pale yellow tint, which is not bleached after 24 hrs in 100 vol. strength 
hydrogen peroxide. 

In general the cell population of the anterior stroma appears somewhat reduced. 
A few nuclei (? macrophages) are sometimes seen aggregated on one or both sides 


of the lattice material, but this is not a regular feature and inflammatory cells are 
not visible elsewhere. The posterior half of the stroma is normal. 


Descemet’s Membrane and Endothelium.—These are normal. 


Results with Bielschowsky Silver Method.—Most of the sections contain portions 
of well-impregnated nerves which appear normal. Nerve bundles show normal 
chiasmatic branching (Fig. 11) and the Schwann nuclei are healthy. Nerve fibres 
and endings are not seen in the epithelium, but the method is known to be precarious 
in this respect. 


Fic. 11.—Bundle of corneal nerve fibres, showing norma nerve fibres and 
chiasmatic branching of bundle. Flat section. Bielschowsky. x 750. 


The amorphous material composing the lattice striae is also heavily impregnated 
with silver, appearing dark-brown or black. However, apart from this similarity 
in staining, no relationship between the lattice striae and the corneal nerves can be 
seen. 

Numerous short, linear side-processes protrude from many of the lattice striae 
(Fig. 12, overleaf). Immediately beneath the epithelium the lattice striae connect 
with a layer of black-brown deposits which have a fibrillated or stellate morphology 
(Fig. 12). This material corresponds with the anuclear “amorphous” substance 
found in this situation and described above. No observations could be made from 
this type of preparation on the amorphous materials distributed in other places 
and described in the sections on general histology. 
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Fic. 12.—Lattice striae appear as black trunks 
(L) with a variable number of short rectangu- 
lar side processes; two of them make contact 
with a layer of argyrophil material deposited in 
(stellate) forms which corresponds in position 


with the apparently amorphous material seen 
immediately underneath the epithelium (E). 
Flat section Bielschowsky. x76. 


Histochemical Studies 


An intimate association between accumulations of amorphous material and 
degenerating collagen has been noted in the general histological observations 


made on Bowman’s membrane and the lattice opacities. Moreover, the various 
amorphous materials have similar staining properties and are probably related 


if not identical. Sections of the diseased cornea were then subjected to various 
microscopic techniques to determine the chemical nature of these materials, and 


thereby to investigate their apparent inter-relationships with each other and with 
the corneal stroma. 


(A) Cornea 
FATS 
Frozen sections of the cornea were stained with Sudan Black B in 70 per cent. 


alcohol for periods of from 4-12 hrs at room temperature and at 60° C. The 
amorphous materials contain no sudanophilic fat. 


PROTEINS 
(a) Amino-acid Methods.—Millon’s reaction for tyrosine and Danielli’s 
tetrazonium method for tyrosine, histidine, and tryptophan are both strongly 
positive, staining the amorphous materials in considerably deeper shades than that 
of the substantia propria. The latter method stains the amorphous materials 
red-brown in contrast to the stromal collagen which is red-purple. 


(b) Tests for Nucleoprotein—The Feulgen method for DNA is negative. 
Extraction with crystalline ribonuclease produces no loss of basophilia. 


(c) Action of Proteolytic Enzymes.—Sections were incubated in crystalline 
trypsin and pepsin (Armour Laboratories, Ltd.) according to the methods described 
by Pearse (1953), and with «-chymotrypsin* using 200 units/ml. for 3 hrs at 37° C. 
None of these enzymes produces any noticeable diminution in the staining reactions 
of the amorphous materials. 





* The activity of various enzymes used was first checked on appropriate histological materials. 
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(d) Ultra-violet Light Microscopy—The microscopic tests performed above 
suggested that the amorphous protein accumulating at various sites might be a 
degenerate form of collagen. The fact that certain proteins, including the 
“mature” collagen found for example in skin (Holborow, 1958), exhibit marked 
fluorescence in ultra-violet light led to the use of this method of examination.f 

In ultra-violet light of 3,650 A all the amorphous materials described above show 
an intense silvery-white fluorescence (Fig. 13), similar to that exhibited by “mature” 
collagen. 


(ii) 
Gi) 
(i) 


Fic. 13.—Silvery-white autofluorescence of 
amorphous material(s) variously deposited: 
(i) immediately beneath the epithelium, 
(ii) within the subepithelial) seam of 
collagen, es 
(iti) edging and lying within Bowman’s 
membrane, and forming the lattice striae 
(L). Descemet’s membrane (D) is 
normally fluorescent. Ultra-violet light 


of 3650 A. x 112. 


CARBOHYDRATES 


An intensely positive reaction is given with PAS (the direct Schiff test is negative) 


indicating the presence of polysaccharides. 

The results of the above tests indicate that the amorphous materials contain 
protein and polysaccharide mixture. This fact taken with the already established 
basophilic property of these materials suggested that mucopolysaccharide might 
be present. Tests for this were now undertaken. 


MUCOPOLYSACCHARIDES 


According to Dempsey, Bunting, Singer, and Wislocki (1947), the pH at which 
an 0-5 mM solution of methylene blue chloride under standard conditions just 
fails to stain basophilic substances can be used to some extent to characterize 
them. The amorphous materials all fail to stain below pH 4-5, indicating -a 
moderate degree of basophilia similar to that associated with corneal mucopoly- 
saccharide. 


METACHROMASIA 


Aqueous toluidine blue (1/1000) stains all the amorphous materials reddish- 
purple, similar to that of stromal collagen. This metachromasia, like that of the 
stroma, is relatively alcohol-labile (8) type and is rapidly converted to the ortho- 
chromatic form during dehydration. The remnants of Bowman’s membrane 


t Corneal collagen unlike that of sclera and ‘mature’ collagen elsewhere is not normally fluor- 
aw in ultra-violet light. 
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(excluding the occasional clumps and streaks of metachromatic amorphous 
materials which lie in it) are tinted a pale but distinctly orthochromatic blue 
which is in striking contrast to the underlying stroma. Normally this membrane 
exhibits metachromasia identical with that of the stroma—indeed it is considered 
to be an acellular, condensed and modified portion of the stroma. This important 
finding thus indicates a loss of metachromatic mucin from Bowman’s membrane 
occurring as a preliminary to its dissolution and absorption. 


OTHER MUCIN STAINS 

The Rinehart-Abu’l-Haj modification of Hale’s method, Alcian blue 89S, 
mucicarmine, mucihaematin, Gram’s stain and Gomori’s aldehyde-fuchsin do not 
stain the amorphous substances or the corneal stroma. 


HYALURONIDASE 

Incubation with hyaluronidase (Benger “Hyalase”) 1 mg./1 ml. for 3 hrs at 
37° C produces no reduction in metachromasia in either the amorphous materials 
or corneal stroma. 


(B) Hyaline Cartilage Biopsy 

The details of corneal histopathology just described indicate that degeneration 
of the stromal collagen-ground substance is probably the basic derangement in 
lattice dystrophy. The possibility of involvement of collagen elsewhere was 
considered. Since the collagen of corneal stroma and that of hyaline cartilage 
have important features in common, a biopsy of costal cartilage was considered 
justified. The specimen shows normal cartilage cells embedded in matrix which 
appears healthy apart from patchy deposits of calcium, a common age change in 
this tissue. 


Summary and Comment on Microscopic Observations 


The histopathology of the cornea in lattice dystrophy has been described 
in detail. This description differs in important respects from previous 
accounts. 

Stansbury (1948) described vacuolation and morphological changes in the 
corneal epithelium; Maury -(1936) found sudanophilic fat in the lattice 
striae; filaments in the lattice opacities were noted by Paufique and others 
(1949), who at first considered they were nerve fibres, but later dismissed 
this idea; intra-lamellar eosinophilic granules, in addition to inter-lamellar 
basophilic masses were noted by Hermann (1946) and Streiff (1947). _Bire- 
fringence of the “foci of hyalinization of corneal lamellae” has recently 
been observed by Jones and Zimmermann (1959). 

In the present study, epithelial changes similar to those noted by Stansbury 
have been confirmed; no abnormal fat was observed in the diseased cornea; 
the filaments noted by Paufique doubtless correspond to some of the coarser 
degenerating collagen strands which enter the lattice material. Frequently 
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these retained their normal birefringence but the amorphous material in which 
they were embedded, and that found elsewhere, was monorefringent. Intra- 
lamellar eosinophilic granules were not observed. 

In addition to the amorphous material which forms the bulk of the lattice 
striae, similar material with identical tinctorial properties is found in the 
epithelium and in the anterior layers of the substantia propria. Their 
exact distribution is described. A variety of histochemical methods con- 
firms that all these materials are chemically similar if not identical. 

Embedded in the amorphous material of the lattice striae are innumerable 
fine reticulin-like fibrils which are continuous with degenerating strands of 
corneal collagen. These were also noted by Jones and Zimmermann (1959). 

The results of these histological and histochemical investigations combine 
to indicate that the amorphous material is composed of two substances: 
one, a mucopolysaccharide, has properties similar to that found normally 
in the corneal stroma, and the other, a protein, exhibits fluorescence in 
ultra-violet light resembling that of “‘mature”’ collagen. Furthermore, the 
distribution of these materials and their intimate association with collagen, 
which is obviously degenerating, indicates that the primary derangement in 
this condition is disease of the corneal collagen and ground substance. 
Two points are of special interest: that this degeneration is apparently 
limited to the corneal stroma, and that it apparently takes place without 
the direct intervention of cells. 

Normal corneal nerves are seen in Bielschowsky preparations. 

Biopsy of hyaline cartilage shows normal appearances. 


Discussion 
Clinical Aspects 

An autosomal dominant mode of inheritance for lattice dystrophy is evident 
from a study of the pedigrees illustrated in Figs 1 and 2, a finding well 
established by previous observers. The clinical picture in these two families 
confirms that established cases show a uniform morphology, but there is a 
striking intra-familial constancy in the age of onset and evolution of the 
corneal changes. The age of manifestation was in the first decade in 
Family “O” and in the third decade in Family “L”. The fine punctate 
stromal opacities seen in the cases in Family ““O” were not seen in any case 
in Family “L”; they may represent a true inter-familial variation. 

In Family “L” (Fig. 1), fifteen members are either known or reputed to 
be affected with lattice dystrophy. 

In two instances (L.III.38 and L.IV.40) affected members are shown as 
offspring of reputedly unaifected parents. This apparent anomaly is attri- 
butable in both cases to death of the parent before the age of manifestation. 
It is interesting that no instance of generation skipping is recorded in the 
classical dystrophies. 
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Few of the offspring of examined affected members in Family “L” appear 
to have inherited lattice dystrophy. It must be recorded that most of these 
(ten out of fourteen) are under the age of 35, the approximate age of mani- 
festation for this particular family. It is therefore quite possible that some 
of them designated as unaffected will later manifest the disease. 

In Family “O”, Case O.II.2 shows features of special interest. No 
characteristic lattice opacities are present, but both cornea contain trans- 
lucent central nebulae; visual acuity, although impaired, is still compatible 
with reading—a rare finding in patients affected with typical lattice dystrophy 
at this age (56 years). These facts, together with her life-long history of 
acute attacks of ocular inflammation, are in keeping with the diagnosis of 
recurrent erosions of the cornea made for this patient. . The same diagnosis 
is suggested for her mother, Case O.1.2, although this is more tentative. 

It has been noted in some families that patients affected with recurrent 
erosions occur alongside members who suffer from typical lattice dystrophy 
(Nemeth, 1935; Hermann, 1946; Schappert-Kimmijser, 1933). There is, 
however, no previous record of a patient so affected transmitting lattice 
dystrophy. It is of interest that a hereditary basis for recurrent erosions 
of the cornea has been established by Franceschetti (1928), who described 
it as an autosomal dominant in a pedigree extending over six generations. 

None of the eighteen members of the fourth generation in Family “‘O” is 
known to be affected. This is largely predictable, since sixteen are offspring 
of unaffected parents, and the other two, children of an affected mother, 
are probably too young to show the disease even if they carry the gene. 

In Case L.IV.40 lattice opacities were unilateral and confined to a restricted 
area of the cornea. This patient is 37 years old and it is therefore possible 
that these appearances represent only an early stage in the disease. Further 
observation over the next few years will be required before deciding. Rare 
unilateral cases have been previously noted (Netchaiewa, 1937; Etienne, 
1949; Ramsay, 1957) but their subsequent course has not been reported. 

The characteristic corneal features of lattice dystrophy change with age. 
Thus, in older members of Family “L”’, the lattice striae are fewer in number, 
thicker in calibre, and in most cases have developed a distinct yellow colour 
(L.11.25 and L.1I.55). Eventually, the lattice striae are replaced and obscured 
by dense white collagen, a finding illustrated by the appearance described 
for Case L.III.38. A disc-shaped nebula has been noted in the older members 
of both families. It renders the cornea translucent in the optical zone and, 
together with irregular faceting of the anterior corneal surfaces, causes visual 
impairment. Histologically the disc-shaped opacity corresponds with a 
layer composed of collagen and amorphous material lying between the 
corneal epithelium and Bowman’s membrane. Irregularities in this seam 
are responsible for the faceting of the anterior corneal surface. 

Biicklers (1938) described the lattice striae when “cut” in optical section 
as optically empty channels outlined by fine bright edges giving a double 
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contoured appearance. Most subsequent authors have agreed with this 
observation, but Hermann (1946) and Ramsay (1957) have noted that some 
of the larger striae contain fine granular material. Subsequent authors 
(Franceschetti and Streiff, 1940; Hermann, 1946; Ramsay, 1957) have 
emphasized Biickler’s observation that a “‘double-contoured ” effect is seen 
in retro-illumination, and that this appearance is essential for diagnosis. 

In contrast to these descriptions, in all the cases examined by us, the lattice 
striae in optical section appeared as solid relucent trunks; moreover, a 
double contour as illustrated by Franceschetti and Streiff (1940) and Ramsay 
(1957) was not seen by any method of illumination. Indirect retro-illumi- 
nation consistently demonstrated the phenomenon of “reversed illumination’’, 
namely margins towards the illuminated iris patch were dark and those distal 
to it bright. 

Clinical examination in ultra-violet light of 3,650 A reveals striking 
fluorescence of the lattice striae*. The intensity of the fluorescence appears 
to increase with age, a finding probably associated with increasing thickness 
of the striae. 


Aetiology 

Lattice dystrophy affects the anterior layers of the substantia propria, and it 
seems likely that this is the primary site of the disease. The possibility that it 
represents a local manifestation of generalized disease must, however, be enter- 
tained. It is reasonable to consider whether hyaline cartilage is abnormal in 
lattice dystrophy. Hyaline cartilage and the corneal stroma have certain common 
properties, viz. they are both transparent avascular structures composed of collagen 
fibres embedded in a matrix rich in mucopolysaccharide. However, two facts 
militate against a possible generalized affection of collagen, neither chondritis 
nor arthritis are features of the disease, and a biopsy specimen of costal cartilage 
taken from one of our patients showed an entirely normal structure. It is worth 
noting, in this connexion, that general health and longevity are not impaired in 
patients affected by lattice dystrophy. 

On the other hand, clinical evidence supports the categorization of lattice 
dystrophy as an “‘abiotrophy’’, and the idea of restriction of the disease process 
to a.specific locality will therefore be acceptable. 

The problem of finding the primarily affected component of the corneal stroma 
would seem relatively simple. Three possibilities are the corneal nerve fibres and 
their Schwann cells, the corneal fibroblasts (keratoblasts), and the collagen—ground 
substance. These three possibilities may be considered as follows: 

(1) Neurogenic Theory——Among modern writers, Busacca (1950) and Vrabec (1957) 
favour a neurological origin, both incriminating the neurilemmal (Schwann) cells rather 
than the axons (the latter author considering that keratoblasts were also involved). 
Evidence in favour of this theory is three-fold: 

(i) There is a striking morphological resemblance between lattice striae and corneal nerves 
which may be seen by comparing their form and distribution. 





* Four patients in three generations with granular dystrophy were also examined by this method. 
In all instances the granular opacities were faintly fluorescent, so that the two dominant forms 
cannot be differentiated by this method. 
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(ii) Clinically, corneal anaesthesia is a constant feature in advanced cases, as shown by the 
quantitative measurements made by Biicklers (1938) and Hermann (1946) and in the present work. 

(iii) Vrabec (1957) illustrated his belief in the neurogenic basis of this disease with beautiful 
and persuasive photomicrographs, showing silvered corneal nerves apparently connecting with 
the lattice materials. This author also noted hyaline change in the Krause end-bulbs of the 
conjunctiva and impairment of the Vth, VIIth, Xth, and XIIth cranial nerves. 


However, the evidence against this concept, again three-fold, is also impressive: 

(i) In the present investigation only normal nerve fibres, unconnected with the lattice material, 
were found in silver preparations. Similar findings have been noted by Maury (1936) and 
Paufique and others (1949). Clinically, intravital staining of the corneal nerves with methylene 
blue has revealed no connexion between them and the lattice striae—neither in previous work nor 
in the present study—but, as Vrabec has rightly said, this method is precarious. The Krause 
end-bulbs and conjunctival nerves appeared normal in cases examined by us with intravital 
methylene blue. 

(ii) Corneal hypoaesthesia may be explained other than by postulating primary disease of the 
nervous tissue. It may be due to extensive necrosis and fibrous tissue replacement of the super- 
ficial lamellae with secondary involvement of the nervous tissue. Most cases examined by us 
exhibiting corneal hypoaesthesia show a well-marked subepithelial seam of fibrous scar tissue. 
Corneal anaesthesia is roughly proportional with the density and thickness of this seam; thus it is 
most marked centrally in an area corresponding to the disc-shaped thickening of seam. 

(iii) In all affected patients in the present investigation the cranial nerves were normal. 


Thus it is clear from this brief consideration that the theory incriminating the corneal 
nerves as the primarily affected tissue component is inconclusive. 


(2) Keratoblast Theory.—Lattice dystrophy may be a form of storage disease in which 
an amorphous material accumulates in the keratoblasts. There is little evidence for this 
theory and it seems likely that the changes in the number and distribution of these cells 
noted by some authors are secondary to the general upheaval which occurs in the anterior 
layers of the stroma. On the other hand, a special study of the keratoblasts, like that 
recently undertaken by Wolter and Cutler (1958) in “‘granular”’ dystrophy, has not been 
made in lattice dystrophy. 

However, collagen is laid down by the keratoblasts and its metabolism is dependent 
upon them, so that any theory incriminating collagen must of necessity implicate them. 

(3) Collagen-Ground Substance Theory.—In the present study a careful investigation 
of the distribution and nature (tinctorial and histochemical properties) of the abnormal 
material found in the diseased cornea has been made. These have been characterized 
as mucopolysaccharide with similar properties to those of the corneal mucin, and a protein 
which exhibits a fluorescence in ultra-violet light resembling that of ‘“‘mature’’ collagen. 
The intimate association of this mixture of substances with degenerating collagen suggests 
that the primarily affected tissue is the stromal collagen and its ground substance. 

Moreover, degenerating collagen fibres have been found embedded within the amorphous 
mixture composing the lattice striae; they stain like reticulin. This observation is 
reminiscent of the finding of degenerating argyrophil collagen fibres in the ‘‘fibrinoid”’ 
nodules of rheumatic fever by Glynn and Loewi (1952). However, it differs in one 
important respect, viz. in lattice dystrophy this degeneration has apparently occurred 
without direct cellular intervention. 


Summary 
(1) Pedigrees of two families afflicted with lattice dystrophy are presented ; 
121 members were examined, of whom sixteen were affected. 
(2) An autosomal dominant mode of inheritance for lattice dystrophy is 
confirmed. 
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(3) Clinical aspects are described and illustrated with photographs. 


(4) Case O.II.2 in Family “O”, herself affected with recurrent erosions, 
has transmitted typical lattice dystrophy to four of her children. 


(5) In optical section, lattice striae are seen as relucent solid trunks, in 
contrast to the optically empty clefts described by previous authors. No 
“double contour” can be seen by any method of slit-lamp examination. 


(6) Clinically and microscopically the lattice striae are shown to be 
fluorescent in ultra-violet light. 


(7) Details of the histopathology in the cornea are summarized. 


(8) Amorphous material in the diseased cornea has been shown histo- 
chemically to contain mucopolysaccharide and fluorescent protein. 


(9) The aetiology is discussed and it is concluded that the basic patho- 
logical process is an abiotrophic degeneration of corneal collagen and ground 
substance. 


We are greatly indebted to the following: Mrs. A. Pirie for valuable encouragement and sug- 
gestions, Mr. J. P. F. Lloyd and Mr. V. B. Purvis for permission to examine and report on their 
patients, Mr. A. Smith of Sunderland, Mr. W. Naunton of Norwich, Mr. A. L. McCurry of 
Leicester, Mr. T. D. H. Gray of London, and Col. J. N. McNair of the U.S. Army, for kindly 
supplying clinical records, and Mrs. M. Overall for skilful technical assistance. We are also 
indebted to the University of Oxford for a grant from the Ophthalmological Research Endowment 
Fund and to the Board of Governors of the United Oxford Hospitals for an expenses grant. 
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THE CENTRAL ARTERY OF THE RETINA*+ 
Il. A STUDY OF ITS DISTRIBUTION AND ANASTOMOSES 


BY 
SOHAN SINGH anD RAMJI DASS 


Department of Anatomy, Government Medical College, Patiala, India 


THERE is little unanimity regarding the distribution and anastomoses of the 
central artery of the retina. According to Frangois and Neetens (1954, 
1956) and Francois, Neetens, and Collette (1955), the central artery of the 
retina is completely devoid of branches, while according to Wolff (1939) and 
Behr (1935) it is free from branches only in its intraneural course. Magitot 
(1908), Quain (1909), Beauvieux and Ristitch (1924), Wolff (1940), Bignell 
(1952), Wybar (1956), and Steele and Blunt (1956) on the other hand demon- 
strated branches from all parts of its course. Most investigators agree that 
this artery contributes to the blood supply of the optic nerve, but Frangois 
and others (1954, 1955, 1956) affirm that this is not the case. 

The presence of a central artery of the optic nerve described by Behr 
(1935), Wolff (1939, 1954), Francois and others (1954, 1955, 1956), and 
Wybar (1956), is denied by Beauvieux and Ristitch (1924) and Steele and 
Blunt (1956). 

Beauvieux and Ristitch (1924), Kershner (1943), Francois and others 
(1954, 1955, 1956), and Steele and Blunt (1956) say there are no anastomoses 
between the central retinal and other arteries, but Vail (1948), Wybar 
(1956), and several other authors have observed and described them. The 
lamina cribrosa is the only site at which these anastomoses have been 
studied in any detail, and in this case too, contradictory views have been 
expressed. 

In the present investigation the origin, course, distribution, and anasto- 
moses of the branches of the central artery of the retina have been studied 
to find an answer to the following questions: 


(i) Is the central artery of the retina an end artery or a terminal artery, 
or is it well connected by anastomoses? 

(ii) In the event of blockage of the central artery of the retina, can a 
collateral circulation be established to maintain the circulation ? 





* Received for publication March 3, 1959. aa 
+@. A part of this paper is gheidend from thesis accepted for the Master of Surgery Examination of the 


anjab University in 1 : : ‘ 
(ii). A part of this paper in abridged form was accepted for reading in the XVIII International Congress of 
ren in Brussels (Belgium), September 8-12, 1958. 
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(iii) What is the exact distribution of the central artery of the retina? 


The material and methods used in this study have been described in a 
previous communication (Singh and Dass, 1960). 


Observations 


Branches of the Central Artery of the Retina 


Branches, varying in size and number, were seen to arise from various 
parts of the central retinal artery (Fig. 1), and were not evenly distributed 


throughout its course. 
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Fic. 1.—Schematic section of optic nerve and eyeball, showing course and branches of central 
retinal artery. 


The incidence of such branches in 64 specimens, in which the artery was 
satisfactorily injected throughout its course, is shown in Table I. 


TABLE I 


ORIGIN OF BRANCHES FROM CENTRAL RETINAL ARTERY 





Sites of Origin Percentage 
Incidence 





All three parts ne ss eg We ote ae oy Fe 42:2 
Intravaginal and intraneural oF ay es Me ait a 29:7 
Intravaginal and intra-orbital s ie Re ae =i a . 
Intra-orbital and intraneural 

Intra-orbital only 

Intravaginal only 

Intraneural only 


No branches . . 


Ce 








<i 
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Number.—The branches which arose from the intra-orbital, intravaginal, 
and intraneural parts of the artery (Singh and Dass, 1960) are shown in 


Table I. 


TABLE II 


NUMBER OF BRANCHES FROM CENTRAL RETINAL ARTERY SEEN TO ARISE 
OM THE THREE PARTS OF THE ARTERY 





Percentage of Specimens Examined in which Branches from 














Number of Branches Various Points were Seen 
Observed 
Intra-orbital Intravaginal Intraneural 

0 | 47-8 5:3 25-0 
] | 32°6 48-7 26:6 
2 13:0 35°5 20:3 
3 2:2 6-6 10-9 
4 22 —_ 10-9 
5 1-1 ee ake 
6 a —_— 1-6 
Z = ~ _ 
8. = — 16 

Uncertain} | 1-1 4:0 3-1 

Total No. of Specimens 
Examined* 92 16 64 














* Including all the latex-filled specimens and two seria) reconstructions. 


+ These include those specimens which were distorted during maceration, $0 that the exact 
number and distribution of branches present could not be ascertained 


Site of Origin —The branches from the intra-orbital part of the artery 
arose all along its course (Figs 2, 3, 4); those from the intravaginal part 
mostly arose from its distal half, particularly near its point of entry into the 
optic nerve (Figs 2, 3, 4, 5, 6, 20), and those from the intraneural part were 
evenly distributed (Figs 9, 10, 11), except that there were very few from the 
distal third and more from the middle third of the horizontal section. No 
branches arose at the level of the lamina cribrosa. 


Size.—Some branches were minute and some were as big as the central 
retinal artery itself. The size was unrelated to the number of branches given 
off in any one specimen. 


& 

Fics 2, 3, 4, 5 (opposite).—Origin, intra-orbital, and intravaginal course and the branches (1, 2, 
3, 4) from these parts as seen from below. 

Fig. 2 shows in addition the circle of Zinn. Fig. 3 was taken before the removal of the dural 
sheath. Here the sheath is semi-transparent because of its maceration in 20 per cent. HCI (Singh 
and Dass, 1960), and all the pial branches are seen through the semi-transparent sheath. The 

branches from the central retinal artery are marked 1 (a, b, c, d), 2, 3, 4. 
The intraneural course of Fig. 5 is shown in Fig. 10. 











Q.A- 


—— Artery lying on dura. 
---- Artery seen through 
dura. 





Fic. 38 


Optic 
nerve 


Fic. 6.—Intravaginal part 
of the artery and the bran- 
ches (1, 2, 3) from this 

as seen from below 


part 
after removal of the dural 
sheath. 








284 SOHAN SINGH AND RAMJI DASS 


Distribution 

(A) BRANCHES FROM THE INTRA-ORBITAL PART,—These were usually 
distributed to the dural sheath of the optic nerve, and about half of them 
penetrated the sheath to ramify on the pia of the optic nerve (Figs 2, 3, 4), 
In three specimens the branches entered the optic nerve substance to be 
distributed within the nerve. The area of the dural sheath and that of the 
nerve supplied varied, extending from the eyeball to the intra-canalicular 
part of the nerve. In 3-26 per cent. the branches penetrated the sheath at 
the level of the lamina cribrosa and behaved like short posterior ciliary 
branches. 


(B) BRANCHES FROM THE INTRAVAGINAL PART.—These ramified on the pia 
covering the optic nerve (Figs 2, 3, 4, 5, 6, 7, 8, 16, 17, 18, 19, 20, 21, 23). In 
all cases these intravaginal branches ramified anterior to the point of entry 
of the artery into the nerve, and about half of them also ramified posterior 
to this point. The supply extended from the lamina cribrosa to various 
distances posterior to the point of entry. The area of the pia thus supplied 
is shown in Table III. 


TABLE III 


AREA OF PIA OF OPTIC NERVE SUPPLIED BY BRANCHES FROM THE INTRA- 
VAGINAL PART OF THE CENTRAL RETINAL ARTERY 





Area Supplied Number of Specimens 





All round the nerve 11 


Medial, lateral, and inferior aspects 
Lateral and inferior aspects 

Medial and inferior aspects 

Lateral, inferior, and superior aspects 
Lateral, inferior, and medial Peace 
Inferior aspect only . 








Total Number of Specimens in which These Branches were Seen 





From the pial branches of the intra-orbital, intravaginal, and rarely by 
the intraneural parts of the artery, twigs always passed radially into the 
optic nerve substance, travelling in the fibrous septa between the nerve 
fibres (Fig. 7). These twigs, which varied in size, penetrated the optic 
nerve substance for various depths (Fig. 1), frequently reaching the centre 
of the nerve (Figs 8, 22). In one specimen a twig entering on the inferior 
aspect of the nerve pierced it and emerged from the superior surface to 
ramify on the pia and establish anastomoses. One to three stout twigs 
from the pial branches of the intravaginal part entered the optic nerve 
substance through the fissure on the under surface of the nerve (posterior 
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Fic. 7 (x 27) pial branches (PB) 
with one of these entering the 
nerve radially (PBN). 






Fic. 8 ( x 27) pial branches (PB) 
with some branches derived 
from them running within the 
substance of nerve (PBN). 


iN ae. we 
Fics 7, 8.—Transverse sections of optic nerve, after injection of the central retinal artery with 
3 per cent. prussian blue. Central retinal vessels are also seen lying in the centre of the nerve. 


to the point of entry in seven specimens (Figs 20, 22) and anterior to it 
in one). On reaching the centre of the optic nerve, these twigs behaved in 
various ways: 


(i) In two specimens, the twigs divided into anterior and posterior branches 
running in the centre of the nerve for 3 to 4 mm. in either direction. 


(ii) In one specimen, radial branches were given off in the centre of the nerve 
with one branch travelling backwards in the centre of the nerve for 3 to 
4mm. 


(iii) In the remaining specimens, branches were given out into the nerve 
substance. 


(C) BRANCHES FROM THE INTRANEURAL PART.—These ran radially as 
well as backwards and forwards (Figs 9, 10, 11, overleaf) in the septa between 
the nerve bundles, reaching quite close to the pia in most specimens; in ten 
specimens they reached the pia to behave like pial branches (Fig. 10). 








286 SOHAN SINGH AND RAMJI DASS 


ON 
unsplit 





Fic. 9A Fic. 9B Fic. 10 


Fics 9, 10.—Intravaginal and intraneural course and branches from them (1, 2 from the intra- 
vaginal part and 3, 4, 5, 6, 7, 8 from the intraneural part in Fig. 9), as seen from below on 
splitting open the optic nerve anterior to the site of penetration. 


In Fig. 10 terminal parts of many intraneural branches (2, 2, 3) were seen to ramify on the pia. 
The terminal branches were full of aneurysmal dilatations throughout. 


In six specimens, one of the intraneural branches [arising either from the 
vertical intraneural part (five specimens; Fig. 11), or from the fourth 
bend* (one specimen)] divided into.two to run forwards and backwards 
in the centre of the nerve. These branches did not exceed 3 to 4 mm. in 
length, except for one specimen which was 6 mm. long, and ran for three- 
quarters of the total length of the intraneural horizontal part of the artery. 
In this type of ramification the posterior branch was usually much smaller 
than the anterior branch. These intraneural branches gave out radial 
branches to supply the optic nerve, and sometimes the main branch gave off 
additional radial branches besides the anterior and posterior central branches 
first described. In one specimen an intraneural branch also gave off pial 
branches. 

In one specimen of this series, a retinal branch arising from the middle of 
the horizontal section of the intraneural part of the artery, ran forwards 
in the centre of the nerve to enter the eyeball with the central retinal artery 
at the optic disc. This branch supplied the supero-medial part of the retina. 





* See Singh and Dass (1960). 
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Fic. 12.—Transverse section of the optic nerve with 
central retinal vessels in the centre of the nerve. 
An intraneural branch is seen arising from this part 
(arrow). This branch, followed anteriorly in serial 
sections, was found to break off from the parent 
trunk. Some more intraneural branches (NB) 
from the central artery are seen lying round the 
artery. x 70 


Fic. 11.—Intraneural course and branches (1, 2, 3) 
from this part as seen from below on splitting open 
the optic nerve. 





A transverse section showing the origin of an intraneural branch is seen 
in Fig. 12. 

The origin of the central retinal artery and branches from it are further 
illustrated by the casts shown in Figs 13, 14, and 15 (overleaf). 


Anastomoses Established by the Central Artery of the Retina 


Numerous anastomoses were established by the branches of the central 
retinal artery with other branches of the ophthalmic artery. However, no 
anastomoses were seen at the lamina cribrosz as no branch was given by the 
central artery in this region. Most of these anastomoses were seen on the pia 
of the optic nerve, and occurred between the pial branches of the central . 
retinal artery and pial branches from other sources (Figs 16, 17, 18, 19, 21, 
23, overleaf). The pial branches of the central artery almost always arose 
from the intravaginal part, a few arose from the intra-orbital part and fewer 
still from the intraneural part. These pial branches most frequently anasto- 
mosed with the recurrent pial branches of the circle of Zinn * (Figs 1, 16, 17, 18, 
19, 21), and with pial branches from the collateral branches of the ophthalmic 





* A ring of vessels situated in the sclera around the entrance of the optic nerve which is formed 
by twigs from posterior ciliary arteries (Figs 1, 2, 17, 18). 
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Fics 13, 14, 15.—Casts of central artery of retina showing its origin and branches (1, 2, 3, 4) from hor 
the various parts. pial 
Fig. 15 shows anastomosis between the pial branch of the central retinal artery and a collateral as sé 
branch from the ophthalmic artery (see below). of tl 
artery (Figs 16, 17, 18, 19, 21, 23). The various pial branches of the central 
artery at times anastomosed with one another. These anastomoses were 
most commonly situated on the inferior aspect of the nerve and less commonly 0 
on the superior, medial, or lateral aspects or all round the nerve. They were 
usually anterior to and sometimes posterior to the site of entry of the central th 
retinal artery into the nerve. a 
Rarely anastomoses were also established within the substance of the T 
optic nerve between intraneural branches of the central retinal artery and pe 
. intraneural branches which arose from the recurrent pial branches of the ce 
circle of Zinn, the intravaginal part of the central artery, or the collateral ch 
branches of the ophthalmic artery (Fig. 1). 
In one specimen, an intra-orbital branch of the central retinal artery 
anastomosed on the dural sheath with a small lateral posterior ciliary artery i 


which arose from the ophthalmic artery distal to the central retinal artery. 
Thus the intravaginal branches of the central artery established anasto- 
moses much more frequently than those from the other two parts of the th 


artery. CO. 
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Fic. 16.—Intravaginal course Fics 17, 18.—Two views of the same specimen, showing: branches 
with a branch (2) arising from this arising from the intravaginal part and anastomoses established by 
part, showing its anastomoses them as seen from above (Fig. 17) and below (Fig. 18) after removal 
with collateral branches from the of the duralsheath. There are anastomoses with pial branches of 
ophthalmic artery and recurrent collateral branches from the ophthalmic artery and with recurrent 
pial branches of circle of Zinn, pial branches of the circle of Zinn. Fig. 18 is slightly retouched to 


as seen from below on reflection show clearly the branches of the central artery. 
of the dural sheath. 


The size of these anastomoses can be judged from the following 
observations : 


(1) In one specimen, the ophthalmic artery was injected with red latex after its 
third part and the central retinal artery and other main branches had been ligated 
near their origin, the collateral branches going to the optic nerve being left intact. 
The red latex filled the intra-orbital part of the central artery from its intravaginal 
part, i.e. from the distal to the proximal. Blue latex was then injected into the 
central artery, and on dissection the meeting of the red and blue latex in various 
channels demonstrated the sites of the anastomoses (Figs 19, 20, 21, 22, overleaf). 


(2) In another specimen, the order of injection was reversed; the central artery 
being injected first and the ophthalmic artery second. Similar results were obtained 
(Fig. 23, overleaf). 


In these two experiments, the latex reached the central retinal artery 
through anastomoses between its own pial branches and the pial branches of 
collaterals of the ophthalmic artery. 

19 
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Fic. 20.—Camera lucida drawing (x 14) of same 
specimen, showing a higher magnification of the area 
marked in Fig. 19, with a part of the intravaginal course, 
its mode of entry into the nerve, the optic fissure, and 
branches. 1,2 pial branches from intravaginal part; a, 
b, c sub-divisions of Branch 2; g, h, i arise from 2 
and enter the nerve substance through the optic fissure. 


Fic. 19.—Intravaginal course and branches (1, 2) arising 
from this part with their anastomoses as seen from below on 
removal of the dural sheath (a, b, c sub-divisions of Branch 
2; d,e, f subdivisions of Branch 1). Dark shading represents 
blue latex and light shading represents red latex showing the anastomoses between the 


two trunks. 





(3) In four more specimens fluid was injected into the central artery alone, and 
the posterior ciliary arteries were seen to fill from the eyeball side via anastomoses 
between the pial branches of the central retinal artery and the recurrent pial 
branches of the circle of Zinn. 

All these observations lead to the conclusion that the anastomoses were 
sufficiently large to allow fluid to pass from one channel to another. These 
anastomoses were usually visible to the naked eye. 


Discussion 


The central artery of the retina, though of vital importance, has been the 
subject of much controversy. Classical investigations in this field, which 
include those of Beauvieux and Ristitch (1924), Wolff (1939, 1954), Francois 
and others (1954, 1955, 1956), Wybar (1956), and Steele and Blunt (1956), do 
not seem to agree with each other. Much of this confusion seems to be 
due to attempts to cover endless variations by rigid and dogmatic state- 
ments. Moreover, the number of specimens examined in each series has 
been rather small. The present investigation of 106 specimens showed that 
no two examples (even from the two eyes of the same person) wholly agreed 
in their pattern of origin, course, branches, distribution, and anastomoses, 
this means that any dogmatic ruling is likely to lead to error. 

It is also necessary to remember that the results depended upon the efficiency 
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Fic. 21.—Same specimen from Fig. 22.—Intraneural Fic. 23.—Intravaginal 


above, showing pial branches course of same vessel. course and pial branches 
(1, 2) from intravaginal part, g, h, i, arise from from this part, including 
with subdivisions a, b, c, f. Branch 2. anastomoses with collateral 
Collateral branches of ophthal- branches of the ophthalmic 
mic artery y, z. : artery as seen from the lat- 


eral side of nerve after the 
removal of the dural sheath. 


and completeness of the injection. The pressure must be high enough to 
inject the smallest vessels and these have to be efficiently cleared of blood 
clots by irrigation with water. Because of these technical difficulties the 
observations regarding the finer branches and anastomoses can hardly be 
submitted to a statistical analysis. More reliance is to be placed on positive 
than upon negative findings, as pointed out by Wybar (1956) and by Steele 
and Blunt (1956). 


Branches of the Central Retinal Artery 


Most workers have paid their main attention to these branches, but 
there is little agreement between them. 


Central Collateral Retinal Artery.—The site of origin, course, distribution, 
and anastomoses of the central collateral retinal branch of the central 
retinal artery has been described by many workers (Kuhnt, 1879; Behr, 
1935; Wolff, 1939, 1954; Francois and Neetens, 1954, 1956; Francois, Neetens 
and Collette, 1955; and Wybar, 1956). On reaching the centre of the optic 
nerve this branch is said to divide into two branches—one running forwards 
to the region of the lamina cribrosa and the other backwards to reach the 
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optic foramen. These branches in the centre of the optic nerve have been 
given different names by different authors: 

“ Arteriae collaterales centralis retinae” (Wolff, 1939, 1954); 

“Anterior and posterior optic nerve arteries” (Behr, 1935); 

‘Central artery of the optic nerve” (Francois and others, 1954, 1955, 1956). 


The site of origin of this collateral branch has been described as follows: 


(i) From the ophthalmic artery proximal to the origin of the central artery of 
retina (Francois and Neetens, 1954). 


(ii) From the central retinal artery: 
(a) As it pierces the dural sheath of the optic nerve (Wolff, 1939). 


(6) As it pierces the optic nerve to go to its centre (Wybar, 1956). The 
two branches may arise separately or from a common stem. 


(c) As it bends in the centre of the optic nerve (Behr, 1935, cited by 
Kershner, 1943). 


Wybar (1956) could not trace these central branches in their entire length 
as did other workers. 


Wolff (1939) and certain other authors said that this branch was constant, 
but this was denied by Steele and Blunt (1956). 


None of the specimens in the present series showed a typical central artery 
of the optic nerve conforming to the description given above, but in eight 
a minor representation of this artery was seen. The length of the anterior 
and posterior optic nerve arteries is very variable, the anterior being usually 
longer and the posterior much shorter. Unlike the descriptions given by 
some authors, these were seen to run in each direction for 3 to 4 mm., 
except that one anterior branch ran forwards for 6 mm. These branches 
did not reach the lamina cribrosa or the optic foramen in any specimen. 
They arose from the intravaginal part in two specimens, from the vertical 
section of the intraneural part in five (Fig. 11), and from the fourth bend of 
the central retinal artery in one. Thus the occurrence as well as the course 
of this collateral artery is both inconstant and variable. 


In seven specimens of the present series only one branch, either anterior 
or posterior, was present, the site of origin being as follows: 
(i) From the intravaginal part of the central retinal artery in one specimen. 


(ii) From the vertical section of the intraneural part in three specimens. 
(iii) From the bend in the centre of the optic nerve in one specimen. 
(iv) From the horizontal section of the intraneural part in two specimens. 
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The branches indicated under (i), (ii), and (iii) ran backwards in the centre 
of the nerve for 2 to 3 mm.; while those indicated under (iv) ran forwards, 
one of them entered the eyeball at the optic disc to supply the supero- 
medial aspect of the retina. 


Branches from the Intra-orbital and Intravaginal Parts of the Central 
Retinal Artery.—These extraneural branches are not adequately described in 
theliterature. According to Frangois and Neetens (1954, 1956) and Frangois, 
Neetens, and Collette (1955), the central retinal artery gives off no significant 
branches in its entire course. Traquair (1949), Bignall (1952), and Wybar 
(1956) observed branches from these parts but gave no further details about 
their number and site of origin. 

One branch that may arise from this pert is the “central collateral retinal 
artery”’ described above; Beauvieux and Ristitch (1924) have also described 
a collateral branch, but theirs was not the same as the collateral branch 
described above, and did not reach the centre of the optic nerve [as wrongly 
quoted by Wybar (1956) and Francois and Neetens (1954)] even though the 
site of origin was the same as that described by Wolff (1939) for the central 
collateral retinal artery. It runs beside the central retinal artery in the sub- 
arachnoid space, ends on the pia of the optic nerve, where it behaves like a 
pial vessel and sends small branches to the interior of the optic nerve for a 
distance of 5 to 6 mm. anterior to the point of entry of the central artery into 
the nerve. These branches supply only the inferior surface of the optic 
nerve. This formation was seen in two out of the three specimens examined 
by Beauvieux and Ristitch (1924); they quote Magitot as having observed 
this branch in one out of six cases examined by him, and also state that 
Vossius had described such a branch. Wolff (1939) mentioned branches 
which arose from the intra-orbital part of the central artery, pierced the dural 
sheath of the optic nerve, and behaved like pial vessels. In fifteen specimens, 
- Steele and Blunt (1956) found that the origin of such branches was close to 
the point of penetration of the central retinal artery into the optic nerve. 

In the present series, the number, site of origin, size, and distribution of 
branches from the intra-orbital part of the artery were studied in 92 specimens 
and those from the intravaginal part in 76 specimens. They varied in number 
from nil to five and three respectively (Table II), and were usually seen to 
contribute to the blood supply of the optic nerve, The site of origin and 
distribution are described at length above. 


Branches from the Intraneural Part of the Central Retinal Artery.— According 
to Francois and others (1954, 1955, 1956) and Wolff (1939), the intraneural 
part gives off no branch whatsoever. Francois, Neetens, and Collette (1955) 


further stated that any branch in the region of the lamina cribrosa or behind 
it reached and supplied the retina and not the optic nerve. In the present 
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series, however, branches were seen to arise from this part of the artery 
in 75 per cent. of specimens. 


(i) Capillary branches arising in the region of the lamina cribrosa have 
been described by Nettleship (1876), Leber (1903), Coats (1905), Gonin 
(1905), Parsons (1906), Quain (1909), Rochon-Duvigneaud (1933), Wolff 
(1940), Igersheimer (1942), Duke-Elder (1946), Traquair (1949), Wexler 
(1950), and Wybar (1956). 

Wolff (1940), Igersheimer (1942) and Wybar (1956) claimed that these were 
the only branches arising from the intra-neural part of the central retinai 
artery. Branches from this region were not observed by Beauvieux and 
Ristitch (1924), Behr (1935), Kershner (1943), Bignell (1952), Frangois and 
others (1954, 1955, 1956), or Steele and Blunt (1956), nor were any such 
branches seen in the present series either in dissections or in serial sections. 


(ii) Recurrent branches backwards in the centre of the optic nerve 
as far as the optic foramen (cf. central collateral retinal artery) were described 
by Quain (1909), Magitot (1908), Whitnall (1932), and Abbie (1938). Bran- 
ches of this type were seen in the present series in only four specimens, and 
these differed from the recurrent branches described in that they did not 
reach the optic foramen and were small. 

Duke-Elder (1946) described recurrent branches but did not specify 
whether they were in the central position. Branches running backwards 
in the optic nerve for various distances and supplying it were seen in twenty 
specimens in the present series, but none of these reached the optic foramen. 


(iii) Duke-Elder described small twigs leading anteriorly up to the 
lamina cribrosa. In the present series branches supplying the optic nerve, 
between the lamina cribrosa and the point of entry of the central artery, 
were seen in 43 specimens, but they did not reach the level of the lamina 
cribrosa. In one specimen a branch of this type reached the retina and 
contributed to the supply. . 


(iv) One branch which arises from this part of the central retinal 
artery is the central collateral retinal artery, and this is fully described above. 


Branches arising from this part of the central artery, running radially 
in the optic nerve and sometimes reaching right up to the pia have been 
described by Beauvieux and Ristitch (1924)*. According to Leber (1903), 
all the branches given off by the intraneural part of the artery are radial in 
direction, but Magitot (1908) said that they ran antero-posteriorly parallel 





* Francois and Neetens (1954), Wybar (1956), and Steele and Blunt (1956) wrongly quote Beauvieux and Ristitch 
1924) as saying that there are no branches from the intraneural part. 
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with the axis of the optic nerve. Beauvieux and Ristitch (1924) stated that 
these branches ran longitudinally in the nerve for 1:5 mm. before assuming a 
radial direction, some reaching the pia on the inferior aspect of the optic 
nerve to ramify on it, so that small branches penetrated radially towards 
the centre of the nerve. Wybar (1956) also described the existence of these 
branches, some of which terminated in the nerve while others anastomosed 
with branches from the arterial plexus of the pia. In the present investi- 
gation, branches from the intraneural part were seen to run radially as well 
as forwards and backwards, so that it was difficult to assign to them any one 
particular pattern. They ran in the optic nerve in the septa between the 
various nerve fibres and sometimes reached the pia or terminated close to 
it. They also ran forwards or backwards to supply the region of the optic 
nerve both anterior and posterior to the point of entry of the central 
retinal artery into the optic nerve. In one specimen a branch arising from 
the middle of the intraneural horizontal section of the central artery supplied 
the superomedial part of the retina. 

Steele and Blunt (1956), describing branches from the intraneural part of 
the artery in nine specimens, observed seven cases in which one branch 
arose near the middle of the intraneural part, while two branches were 
seen in each of the other two. 

According to Beauvieux and Ristitch (1924), the number of branches 
arising from the intraneural part may vary from one to five. In the present 
series of 64 specimens, the number of intraneural branches varied from nil 
to eight (Table II), and they arose anywhere along the intraneural part 
except at the lamina cribrosa. 


Anastomoses of the Central Retinal Artery 


Anastomoses between branches of the céntral retinal artery and those of 
various other arteries have been described by many workers, but were not 
observed by Beauvieux and Ristitch (1924), Behr (1935), Kershner (1943), 
Francois and others (1954, 1955, 1956), or Steele and Blunt (1956). According 
to Francois and others (1954, 1955, 1956) the central retinal artery gives off 
no branches at all and hence the question of anastomoses does not arise. 
Beauvieux and Ristitch (1924) considered the branches of the central retinal 
artery to be end arteries. 

The various sites at which anastomoses have been described are as follows: 

(i) With the Circle of Zinn in the Region of the Lamina Cribrosa.—These have 
been described by Nettleship (1876), Leber (1903), Coats (1905), Gonin (1905), 
Parsons (1906), Quain (1909), Rochon-Duvigneaud (1933), Wolff (1940), Duke- 
Elder (1946), Vail (1948), Traquair (1949), Igersheimer (1942), Wexler (1950), 
and Wybar (1956). Duke-Elder (1946) and Traquair (1949) stated that this was 
the only site at which the central retinal artery established anastomoses. 

Nettleship (1876), Leber, (1903), Parsons (1906), and Rochon-Duvigneaud 
(1933) have described these as purely capillary anastomoses, which would be 
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insufficient to establish any circulation in the event of blockage of the central 
artery and hence of little physiological importance. Coats (1905) and Gonin 
(1905), however, remarked that these capillary anastomoses would dilate suffi- 
ciently to assist circulation should the central artery be blocked. 

Sautter and Seitz (1952), after injecting vital dye intravenously into the rabbit in 
vivo, found that it passed from the central artery into the circle of Zinn through 
these anastomotic channels. 

The existence of anastomoses at this site was, however, denied by Magitot 
(1908), Beauvieux and Ristitch (1924), Behr (1935), Wolff (1939), Kershner (1943), 
Bignell (1952), Francois and Neetens (1954, 1956), Francois and others (1955), and 
Steele and Blunt (1956). Magitot (1908) explained this absence on the ground that 
the central artery did not supply tissues of mesodermal origin (lamina cribrosa), 
but only the nervous membrane of the eye. However, Beauvieux and Ristitch 
(1924), Behr (1935), Wolff (1939), Kershner (1943), Bignell (1952), Frangois and 
others (1954, 1955, 1956), and Steele and Blunt (1956) explained the absence of 
these anastomoses on the ground that no branches were given out by the intra- 
neural part of the central artery in this region. 

In the present series, no anastomoses were seen at this site, and no discoloration 
of the region of the lamina cribrosa was seen on serial sectioning after injecting 
prussian blue solution into the central retinal artery. 


(ii) With the Choroidal Arteries.—Nettleship (1876), Leber (1903), Coats (1905), 
Gonin (1905), Parsons (1906), Quain (1909), and Rochon-Duvigneaud (1933) 
described anastomoses of the central retinal artery with the choroidal arteries, 
which were more direct than those at the circle of Zinn. According to these 
authors anastomoses occur only at these sites apart from those at the region of 


the lamina cribrosa. 


(iii) With Twigs from the Long Posterior Ciliary Arteries—Sudakevitch (1947) 
quoted Meyer (1887) and Tichomiroff (1900) as describing the existence of anasto- 
moses between twigs from the central artery to the trunk of the optic nerve and 
similar twigs from the long posterior ciliary arteries. Wybar (1956) stated that 
a dense pial arterial plexus surrounding the optic nerve was formed by branches 
from the posterior ciliary arteries, the ophthalmic artery, and the central retinal 
artery. Steele and Blunt (1956) and Beauvieux and Ristitch (1924), however, 
denied the existence of such anastomoses. 

This was the commonest mode of anastomosis observed in the present series. 
Recurrent pial branches of the circle of Zinn ran backwards on the pia covering 
the optic nerve and anastomosed with pial branches of the central retinal artery 
(Figs 1, 16, 17, 18, 19, 21). This anastomosis was very occasionally intraneural, 
and in that case the intraneural branches and not the pial branches of the central 
-artery took part in its formation. In one specimen an intra-orbital branch of the 
central artery anastomosed directly with a small lateral posterior ciliary artery. 
This anastomosis was seen on the dural sheath of the optic nerve. 

The presence of these anastomoses was clearly demonstrated by fluid injected 
into the central retinal artery which filled the posterior ciliary artery from the 
eyeball side. 
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(iv) With Pial Branches from the Ophthalmic Artery (Intraneural).—Vail (1948) 
described anastomoses between the fine branches of the central collateral branch 
of the central retinal artery, which runs in the centre of the optic nerve, with 
minute pial branches from the ophthalmic artery. Wexler (1950) and Wybar 
(1956) showed anastomoses between the intraneural branches of the central 
retinal artery and the pial arterial plexus. Wybar (1956) located these anasto- 
moses within the substance of the optic nerve. Traquair (1949) on the other hand 
denied the existence of such anastomoses because the branches of the ophthalmic 
artery or of the central retinal artery which entered the optic nerve to supply it 
appeared to him to be end arteries. 


In the present investigation, anastomoses between the intraneural branches 
of the central retinal artery and the pial branches of the ophthalmic artery were 
not often seen. Very rarely an anastomosis occurs between the intraneural 
branches of the central retinal artery and those of the collateral branches of the 
ophthalmic artery. 


(v) With Pial Branches from the Ophthalmic Artery on the Pia.—Vail (1948) stated 
that minute branches from the ophthalmic artery anastomosed freely on the pia 
with recurrent or collateral branches arising from the central retinal artery at the 
point of entry into the dural sheath. Wybar (1956), as already mentioned, des- 
cribed the formation of a dense arterial network surrounding the optic nerve by 
the pial branches of the ophthalmic artery, the central retinal artery, and the 
posterior ciliary arteries. Beauvieux and Ristitch (1924), however, stated that 
there was no anastomosis between even the finest capillaries of the collateral 
branch of the central retinal artery and other pial branches from the ciliary or 
ophthalmic artery. 

These types of anastomosis were the second most frequent variety seen in the 
present investigation. When coloured latex was injected into the ophthalmic artery 
after ligation of all its branches including the central artery of the retina, the 
collateral branches going to the nerve were left intact; the latex filled the central 
retinal artery in a disto-proximal direction, reaching the central retinal artery 
through anastomoses between its pial branches and those of the collateral branches 
of the ophthalmic artery (Figs 16, 17, 18, 19, 21, 23). 


(vi) Pial Branches of the Central Retinal Artery Anastomosing with One Another— 
This was seen in several specimens in the present series, showing that the branches 
of the central retinal artery cannot be considered to be end arteries. This is 
contrary to the statements of Beauvieux and Ristitch (1924) and also of Traquair 
(1949), who, as already mentioned, considered the branches of the central retinal 
artery to be end arteries once they had entered the optic nerve. In the present 
series a branch from the intravaginal part of the central retinal artery was observed 
to anastomose with a branch from the intraneural part of the artery within the 
substance of the optic nerve. This agrees with the views of Wybar (1956). 


Our studies of the anastomoses of the central retinal artery have led to the 
following conclusions: 
(i) Numerous anastomoses exist between branches of the central artery 
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of the retina and other branches of the ophthalmic artery, and also between 
individual branches of the central artery itself. 


(ii) There are no anastomoses between the branches from the centra! 
artery and from the circle of Zinn in the region of the lamina cribrosa. 
Recurrent pial branches of the circle of Zinn do, however, anastomose 
frequently with pial branches of the central retinal artery. 


(iii) The commonest site of anastomoses is over the pia. They 
occasionally occur within the substance of the optic nerve, and still more 
rarely on the dural sheath of the optic nerve. 


(iv) Anastomoses established by the central artery are usually large 
enough to be seen with the naked eye and blood can easily pass through 
them into the central retinal artery as demonstrated by our various injection 
experiments. They are likely, therefore, to have considerable physiological 
significance. 





Summary 


Branches and anastomoses of the central artery of the retina have been 
studied in 106 human orbits. 100 specimens were injected with liquid 
Neoprene latex, and in the other six specimens the part of the optic nerve 
containing the central artery was sectioned serially. In two of the serially 
sectioned specimens, 3 per cent. prussian blue was injected in the artery and 
graphic reconstructions were made. 

In the vast majority of the specimens, branches of variable size were seen 
to arise from the various parts of the central retinal artery with no 
constant pattern of origin. No branch arose at lamina cribrosa. These 
branches supplied the optic nerve to a variable degree extending from the 
eyeball to optic foramen, and also the dural sheath of the optic nerve. Very 
rarely the retina was supplied by a branch from the intraneural part of the 
artery in addition to the terminal branches. 

Numerous anastomoses were observed between the branches of the 
central artery and the branches of the ophthalmic artery. These occurred 
most frequently between the pial branches of the central retinal artery and 
the recurrent pial branches of the circle of Zinn, the commonest site being 
on the pia covering the optic nerve. These anastomoses were usually 
large enough to allow the blood flow from one vessel to the other. 
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ABBREVATIONS USED IN FiGures: CAR =Central artery of retina. Col. br. =Collaterai branch; 
CZ=Circle of Zinn; DS=Dural sheath; I/N=Intraneural part of CAR; I/O= Intra-orbital 
part of CAR; 1/V= Intravaginal part of CAR; LPCA = Lateral posterior ciliary artery; MPCA= 
Medial posterior ciliary artery; OA= Ophthalmic artery; ON =Optic nerve; PCA =Posterior 
ciliary artery; PPN =Point of piercing the optic nerve; PPS = Point of piercing the dural sheath. 
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CASE NOTES 


KERATOMALACIA ASSOCIATED WITH ADRENAL 
HYPOPLASIA IN A DEFECTIVE* 


BY 


M. M. MULLINS 
St. Margaret’s Hospital, Great Barr, Birmingham 


XEROSIS epithelialis of the conjunctiva forms part of a general symptom re- 
sulting from malnutrition, usually a dietary deficiency in vitamin A and 
carotene which, in its fully-developed form, is characterized by: 
(1) Hypoplasia and metaplasia of the epithelium and mucus membranes, often 
accompanied by the invasion of the areas by micro-organisms and the 
production of local infective foci; 


(2) Degenerative changes in the medullated nerves in both the central and 
peripheral nervous systems. 


So far as the eye is concerned, the clinical picture varies from a mild con- 
junctival epithelial xerosis, sometimes with hemeralopia, to an advanced state 
of keratomalacia and necrosis of the cornea, with its attendant tendency to 
hypopyon ulcers and panophthalmitis. 

So far as the general condition is concerned, the clinical picture varies from 
one of very little disturbance to extreme debility, marasmus, and death from , 
pneumonia. 

While xerotic changes of this type have been observed from the earliest 
times, especially in time of war, when malnutrition, famine, fatigue, and 
debilitating diseases were rife, the first detailed clinical picture was given by 
Bitot (1863) of Bordeaux. 

Since then, xerosis of the conjunctiva in its mildest form has been well re- 
cognized as occurring more particularly in children, especially boys, in 
association with night blindness. The condition is seen in the summer 
months, and the children need not be conspicuously ill-nourished. Improper 
diet after the cessation of breast-feeding is a common cause of its appearance, 
but the lesion also occurs in adults, although more rarely. 

During the first years of life, children who are ill-nourished and marasmic 
and have typical intestinal disorders, may show a much more severe condition 
characterized by extreme xerosis of the conjunctiva and keratomalacia and 
necrosis of the cornea. 





* Received for publication May 14, 1959. 
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After the 10th year of life these gross changes are much rarer, and are usually 
seen in adults suffering from severe debilitating diseases affecting especially 
the intestinal tract, such as acute and prolonged diarrhoea or dysentery 
(Duke-Elder, 1938). 

It has also been suggested that there is a noticeable deficiency in serum 
proteins in this condition (Yap-Kie-Tiong, 1956). 


Case Report 


A male infant, born in England, the third child of Jamaican parents, was just under 1 year 
old when admitted to hospital on June 21, 1958. 


Family History.—The father was aged 37 and the mother 31; both were apparently 
healthy. A brother 12 years old, living in Jamaica, a sister 2 years old, and an infant sister 
were all said to be quite healthy. 

The mother had no illness during pregnancy, but had had a fall 2 days before the child’s 
birth and ‘‘was in pain for some hours afterwards”. The birth was said to have been 
normal, and the baby was born at full-term and showed no external abnormalities. 

The midwife-had guessed the infant’s weight at 84 to 9 Ib. 

There was, as far as was known, no history of mental illness or blindness on either side, 
and the baby had not been in contact with any infectious disease. 


Medical History.—From birth, the child had been very difficult to feed and the mother 
had tried breast and bottle-feeding, the latter with a big-bored teat as well as the usual 
size, all with very little success. 

On account of this difficulty and the infant’s marked physical deterioration, he was 
twice admitted to the Paediatric Unit of the Royal Hospital, Wolverhampton. The first 
time was at 5 days old because he refused to feed. He weighed 7 lb. 5 oz. on admission, 
gained several ounces in hospital, and was discharged, only to be re-admitted 3 weeks later 
when his weight had dropped to 7 Ib. 2 oz. 


Examination.—When admitted at the age of one year he was a small, marasmic, micro- 
cephalic infant. Although he was nearly one year old he had the appearance of a neg- 
lected child of about 2 months old. His weight was 8 Ib. and he was 22 inches in length. 

The skin was dry and wrinkled, the head was covered with coarse black curly hair, and 
he was extremely emaciated. The terminal phalanx of the middle finger of the right hand 
was missing leaving an infected stump. (This, apparently, the baby had chewed off). 

The central nervous system, heart, and lungs showed no abnormality. 

The abdomen was lax and concave. 

The mouth was clear, but the tongue was coated, and the child was edentulous. 

He lay apathetically in his cot or in the nurse’s arms and did not react to external stimuli 
of any sort. 

He was admitted to hospital as a mental defective; the grade was not assessed as it was 
not known how much was, or might have been, due to the physical condition. 


Treatment.—He was put on a diet of National Dried Milk, one scoop in 1 oz. water 
with sugar 3i hrly for 24 hrs. 

This was increased to three scoops in 3 oz. water plus sugar 3i 2-hrly for 3 days. 

On the 5th day he was given four scoops National Dried Milk in 4 oz. water plus sugar 
3i 3-hrly for 24 hrs, and at the end of the first week he was receiving five scoops National 
Dried Milk in 64 oz. water with sugar 3ii 3-hrly during the day, and 4-hrly at night. He 
was also having Penidural. 

During the first week he was also put on cod-liver oil and rose-hip syrup. 
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On June 28, his weight was 8 Ib. 9 oz. Bengers 3i was added to all feeds, and Farex 


3i was added to the 10-a.m. feed. 
During this time; he was still extremely difficult to feed, and took, at times, over an hour 


to complete one feed. : 
On July 2, his weight was 9 Ib. 4 oz., and on July 3, the blood picture was estimated as 


follows: 

Haemoglobin 75 per cent.; white blood cells 10,400 per cm.; polymorphs 41, leucocytes 55, 
monocytes 1, eosinophils 3, basophils 0. 5 

The red blood cells showed slight hypochromia. 

He was put on ferrous sulphate | gr. three times daily and ascorbic acid 50 mg. three 
times daily. 


Progress.—On July 7, his weight was 9 Ib. 14 oz. and he was taking (still very reluctantly) 
Farex 3iii in half-milk mixture at 10 a.m. and 6 p.m., plus vegetable broth jiii and sieved 
prunes Jiii with sterile water. 

On this date, a slight stain of ? blood was noticed on his hands and face, but the source 
was not found until the following day when a tiny ulcer was apparent on the tip of the 
tongue. 

re he was, or appeared to be, a placid child, the fact that he rarely cried was accepted 
as part of his make-up. The tear ducts appeared to be patent, but there were no tears. 

On July 11 there was a loss of 4 oz. in weight and it was reported that he had been 
extremely difficult to feed as he blew out the food when it was placed in his mouth; he also 
had attacks of wind but he did not vomit and the stools were normal. On this date it 
was noticed that both eyes looked cloudy; he tried to put his fingers in his eyes and this 
had to be restrained by wrapping him in a shawl. 

As the visiting consultant ophthalmologist Mr. H. Campbell Orr, was expected on 
July 13, the eyes were left until that date, but in the 2 days interval they showed very 


marked deterioration. 
Ophthalmological Examination.—Keratomalacia was seen in both eyes with extensive 
ulceration of chronic type due to malnutrition. 


Treatment,—Gutt. atropine 1 per cent. twice daily, Occ. Predsol. twice daily, and Ol. 
Morrh. one drop each eye twice’ daily. 


Progress.—After this the baby had one attack of vomiting, but his weight was satisfactory 
as he had gained 7 oz. between July 14 and 21, and then weighed 10 lb. 11 oz. 

He still attempted to push his fingers into both eyes if at all possible, and it was noticed 
that this apparently caused no pain or discomfort. 

On July 23, as the eye condition was obviously deteriorating even further, he was ad- 
mitted to the Wolverhampton Eye Hospital, and remained there for 8 days. On July 31 
he was transferred to the Paedriatric Unit, Royal Hospital, Wolverhampton, and on 
August 1 came back to us. In this short period he had lost some of his hair and his 
weight had gone down to 10 Ib. 4 oz. 

The treatment ordered for the eyes was gutt. atropine 0.5 per cent. twice daily, gutt. ol. 
morrh. twice daily, and penicillin 15,000 units 3-hrly. 

About this time he had isolated attacks of vomiting, and was still difficult to feed, but 
the stools were reported as normal, and he started to gain weight again. 

Mr. H. Campbell Orr ordered occ. neomycin and gutt. ol. morrh. but the prognosis 
was considered to be quite hopeless. 

On August 11, ulcers appeared at the corners of the mouth, but the weight had risen to 
11 1b. 2 0z. On August 13 a loss of 4 oz. was noted, and he was put on Penidural again. 


On August 13, the right central and left lateral incisors were apparent, he took his food 
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more satisfactorily for some days, and the mouth ulcers were clearing slowly. The lower 
central incisors were now about to break through. 

An eye swab taken at this period showed “‘no growth”, and a mouth swab showed 
*‘Scanty Staph. saphrophyticus only’’. This organism was sensitive to penicillin, chlor- 
amphenicol, and novobiocin + + +, and to erythromycin and aureomycin - + +. 

By August 25, his weight had gradually risen to 12 lb. 7 oz.; between that date and 
September 11, it varied, and he gained and lost from day to day, until on September 12 
he weighed only 12 lb. 4.0z. There was little change in the eye condition and the corneae 
were glazed and apparently insensitive to touch. On September 12, a hypopyon ulcer 
appeared on the left cornea, and by the next morning the left cornea had perforated. He 
was again transferred to the Wolverhampton Eye Hospital, and the notes of admission 
state that the right cornea was likewise perforated and that there was excoriation of the 
corners of the mouth. 

He was returned to this hospital on September 20, and the following treatment was 
ordered: gutt. atropine 1 per cent., occ. sulphacetamide 6 per cent., vitamin A and D 
100,000 units daily intramuscularly, and oral penicillin 4 teaspoon 6-hrly. 

He now weighed 10 lb. 9 oz. and there were ulcers at both sides of the mouth. 

Between September 20 and October 7, although the eye condition was hopeless, he took 
his diet more satisfactorily and his weight rose to 13 lb. 3 oz. 

On October 9 a tiny swelling was noticed on the left temple; this was not investigated 
but looked and felt like a small cyst. 

On October 12 he developed a “‘running” nose, which developed by the next morning 
into broncho-pneumonia in spite of initial treatment with Penidural and a mild expectorant 
mixture. 

On October 14, he had what was described as a convulsion, and the temperature 
registered was 107°F. After this he had an attack of profuse sweating and the pulse was 
extremely rapid, but there was little change in the chest condition. 

Early in the morning of October 15 his condition deteriorated rapidly, and he died 


within a short time. 


Post-mortem Report (Dr. D. HEWSPEAR) 


External Examination 


Apparent age Less than stated (15 months) 
Height 27 inches 
Rigor mortis Moderate 
Nourishment Fair 
A Negro child showing no obvious deformities, and no external evidence of injury or 
disease. 


Internal Examination 


Skull Normal 
Brain and meninges Marked congestion of whole surface 
Thoracic cavity Air passages clear 
Pleura showed several petechiae 
Lungs showed terminal oedema 
Two small septic emboli noticed in lungs 
Pericarium contained excess fluid 
Myocardium showed several septic spots 
over surface, the contained blood was 
dark coloured 
No congenital abnormalities noted 
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Stomach and contents, peritoneum, in- 


testine, and mesenteric glands Normal 
Liver Moderate fatty degeneration 


Pancreas Normal 
Spleen Rather soft and of the septic type 
Adrenals Both very small, about half normal size. 


(The pituary gland was smaller than 
normal) 


Kidneys and ureters, bladder, urine, and 
generative organs Normal 
All other organs Healthy 


Cause of Death 


(1) Septicaemia (probably of the virus type). 
(2) Adrenal hypoplasia and mental deficiency. 


Discussion 

Cases of adrenal hypoplasia showing much in common with our infant and 
mainly of the male sex have been reported in the literature. 

Provenzano (1950) reported a case of a male infant of 11 hours old and 
weighing 7lb. 14 0z., who became listless with a weak cry and showed 
diminished response to stimuli. The sucking reflex was inadequate. There 
was marked loss of weight with dehydration. After treatment with adreno- 
cortical hormones there was marked improvement. : This patient died after 
the therapy had been withdrawn to establish the aetiological factor. There 
was definite pigmentation of the skin, and the post-mortem examination 
showed marked hypoplasia of the adrenal glands. 

Sik] (1948) reported the case of a male infant who died at the age of 33 days. 
He was full-term and healthy but difficult as regards taking the breast. The 
skin showed discolouration at 3 weeks. Asthenia was not conspicuous. 
After rapid decline and death, a post-mortem examination showed very 
hypoplastic adrenals. 

Geffert, Spencer, and Richmond (1950) reported the case of a male infant 
who died at the age of 20 months. He was admitted to hospital because of 
feeding problems, but after some months the case was diagnosed as one of 
adrenal insufficiency. At the age of 4 weeks he had “‘lost consciousness for 
15 minutes”. He was pale and undernourished but not acutely ill. He 
showed pigmentation at 8 weeks old. At the age of 13 weeks, after severe 
generalized convulsions, he was put on 5 cc. adrenalcortical extract (Eschaten 
P. D. and Co.) 3-hrly. He was also given daily doses of 5 mg. desoxycorti- 
costerone acetate subcutaneously and 200 ml. normal saline orally. After 
some months the desoxycorticosterone was discontinued, and 6 months later 
he died. A post-mortem examination revealed small adrenal glands. 

Mosier (1956) reported twin sibs; one child died when only 25 hours old 
and the post-mortem examination showed marked adrenal and pituitary 
hypoplasia. 
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Summary 
A male Negro infant nearly 12 months old had a history of difficulty in 


feeding since birth because of an inadequate sucking reflex. 

The development of keratomalacia was due to lack of essential ‘vitamins 
particularly in the early months of life. 

The rapid development of an acute chest infection after a simple catarrhal 
condition which showed no response to chemotherapy, led to death after 
convulsions and hyperpyrexia in 62 hours. 

At a post-mortem examination the adrenal glands were found to be only 
half the normal size. 


I should like to thank Dr. A. P. Buchan, medical superintendent of this hospital for permis- 
sion to publish this case, and Mr. H, Campbell Orr, consultant ophthalmologist, for his help and 


encouragement. 
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AMAUROSIS AFTER OCCLUSION OF INTERNAL 
CAROTID ARTERY, TREATED BY CYCLODIATHERMY* 


BY 


CLEMENT McCULLOCH 
From the Department of Ophthalmology, University of Toronto 


AMAUROSIS after occlusion of the internal carotid artery is a recognized 
clinical entity (Murphey and Miller, 1959). The present case is of interest 
because of the forms of treatment which were used and because of the 
discussion which their success suggests. 


Case Report 


A 50-year-old-man was hit on the right side of the head by a pot of paint on August 6, 
1958. He was not knocked unconscious, although he was slightly dazed for a few 
minutes. On August 7 the vision became blurred, and he was unsteady on his left leg 
and clumsy with his left arm. On August 9 he talked as with a thick tongue and had 
difficulty in swallowing and his mouth tended to fill with saliva which he could not easily 
clear. Electro-encephalography on August 13 showed a focal, slow, electrical activity 
over the right fronto-temporal region. 

During the next month the patient noted short periods of blurred vision in the right eye. 
These would last for a few minutes to several hours and then clear. 

On September 9 the visual acuity was 6/9 in the right eye and 6/6 in the left. There was 
slight concentric constriction of the visual fields of the right eye for 1/1000, 2/1000 and 
5/1000 white test objects. The fields of the left eye were normal. The ocular tension of 
the rigct eye was 6:2 mm. Hg and of the left eye 13 mm. Hg. Ophthalmodynamometry 
showed ‘hat the retinal arterial pressure was 10/30 mm. Hg in the right eye and 35/90 mm. 
Hg in the left. 

The external structures of the. eye, muscle balance, corneal sensation, pupils, media, 
fundi, and discs were all normal. Blood pressure in the right and left arms was 135/80 
mm. Hg. The right carotid arteriogram was reported as follows: 

‘**The internal carotid is visible for not more than 1 cm. from the bifurcation, at which 
point an apparent obstruction is met. The distal end of the dye appears rounded, not 
tapered. . . . The dye passes freely through the external carotid artery and its branches... 
the intracranial part of the internal carotid artery and the middle cerebral artery are 
filled, apparently from anastomotic vessels.” 

The findings on electro-encephalography were similar to those of August 13. An 
anticoagulant, phenylindanedione, was given to keep the prothrombin time in the region 
of 30 seconds. 

While using phenylindanedione the visual acuity of the right eye continued to fluctuate, 
varying from hour to hour. Readings between hand movements at 1 foot and 20/50 
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were recorded. On November 8 the ocular tension was 26 mm. Hg in the right eye and 
22 mm. Hg in the left. The veins in the region of the right disc were slightly dilated. 

Tolazoline, 50 mg. every 6 hours, was given, and the visual acuity of the right eye 
improved for a few days and then returned to its previous level of 20/50 or less. 

On November 18 a right carotid arteriogram confirmed the previous findings. On 
November 21 the region of the right carotid artery was explored. The bifurcation was 
enveloped in dense scar tissue. The occlusion of the internal carotid artery we felt as a 
firm mass 2 cm. above the bifurcation; beyond this the internal carotid artery felt soft. 
The artery was opened and a thrombus was removed. Above the thrombus the artery 
was patent to the skull but there was no retrograde flow of blood. It was assumed that 
the artery was blocked in the region of the foramen lacerum. No further attempt was 
made to open a passage and the artery and wound were closed. The pathological descrip- 
tion of the thrombus was: ‘‘a laminated thrombus with an older, hyalinized, organized 
portion’’. 

On November 26 there was a further decrease in vision of the right eye which grew 
gradually worse in the course of the day. On November 28 the visual acuity was hand 
movements at 3 feet in the right eye and 20/20 in the left. The ocular tension was 27:2 
mm. Hg in the right eye and 16-5 mm. Hg jn the left. Gonioscopic examination showed 
that the angles of both anterior chambers were open, the coefficient of aqueous outflow 
being 0-06 in the right eye and 0-20 in the left. Acetazoleamide 250 mg. was given three 
times a day. 

During November 29 and 30 the visual acuity of the right eye improved to 20/100, 
fluctuating somewhat from hour to hour. On December 2 a cyclodiathermy procedure 
was done, three punctures being made in each quadrant between the recti muscles 4.mm. 
behind the limbus, as has been described by Locke (1958). 

Since this operation the ocular tension in the right eye has remained in the region of 
9 mm., and visual acuity has improved to about 20/50, where it stays with little variation. 
The patient has been well, there is slight clumsiness of the limbs on the right side of the 
body, and a slight change in his speech, but he has returned to work. The visual field is 
reduced to 30° with a 5/1000 white test object. The retinal arterial pressure in the right 
eye continues to be low. The left eye remains normal. 


Discussion 

When considering treatment it was assumed that the amaurosis was due 
to insufficient circulation to the retina resulting from the occlusion of the 
internal carotid artery. At the capillaries of the retina two factors may be 
involved, insufficient flow of blood and insufficient capillary pressure. This 
second factor is particularly interesting. Insufficient capillary pressure may 
be considered as a decrease in the ratio between capillary pressure and retinal 
tissue pressure. The low-grade glaucoma which was present accentuated 
this decrease. When it was found impossible to raise the capillary pressure 
by opening the internal carotid artery, the alternative was to lower the 
intra-ocular pressure. The improvement in vision with the use of aceta- 
zoleamide indicated that a permanent procedure to lower the ocular tension 
would be worthwhile. The successful outcome of the ocular surgical 
procedure suggests that the nourishment of the retina does depend on a 
satisfactory balance between the pressure in the retinal capillaries and intra- 
ocular pressure. 
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It is possible that in glaucoma the situation is not dissimilar. The rise in 
intra-ocular pressure leads to an unfavourable balance of pressure across 
the retinal capillary walls with resulting damage to the retina. Any vascular 
disease which lowers capillary pressure accentuates this unfavourable balance. 
Glaucoma may be a disease in which these two factors, an increase in ocular 
tension and a decrease in retinal capillary pressure, vary in importance from 
case to case. 


Summary 


Amaurosis after occlusion of the internal carotid artery was successfully 
treated by lowering the ocular tension. It is suggested that the balance 
between the retinal capillary pressure and the intra-ocular pressure is 
important in maintaining the integrity of the retina. 
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ORBITAL MENINGO-ENCEPHALOCOELE AND 
EXOPHTHALMOS* 


BY 


A. MORTADA Anbp I. EL-TORAEI 


From the Departments of Ophthalmology and Surgery, Kasr El-Aini Faculty of Medicine, Cairo 
University, Cairo, Egypt 


ORBITAL defects are rare congenital abnormalities and the protrusion of 
intracranial contents into the orbit is a rare cause of congenital exophthalmos, 
less than 100 cases having been recorded. Duke-Elder (1952) states “‘An 
orbital cephalocoele, wherein a portion of the contents of the skull protrudes 
into the orbit, is not common; some eighty cases are on record since Brechet’s 
original publication in 1831”. The development of the orbit is complicated 
and is available in text-books of anatomy and embryology. It may be con- 
cluded that it is formed from the mesoderm surrounding the eyeball by con- 
densation into bone (SpGndli, 1846; von KGlliker, 1861; Schultze, 1896), and 
that both membrane and cartilage bone share in its formation. The multi- 
plicity of the embryonic parts sharing in the formation of the bony orbit 
allows gaps to occur through which cranio-orbital communication or 
herniation may take place. Herniations occur not only through these 
defective gaps but also through the natural openings, e.g. the optic foramen 
or the sphenoid fissure. 

The defects are of two types, anterior and posterior. The anterior type 
is the commonest and it is located between the frontal bone, lacrimal bone, 
cribriform bone and the nasal process of the maxilla. The cephalocoele 
protrudes forwards “from the inner canthus onto the face or laterally displaces 
the eye” outwards. Sometimes it is visible at the base of the nose. “It may 
be bilateral and symmetrical (de Britto, 1904; Rohmer, 1905a,b; Peters, 
1917)”. The sac is usually connected with the cranial cavity by a pedicle 
which insinuates itself between one or other of the cranial sutures, thus 
producing a defect in the bone although occasionally “no communication 
with the cranial cavity is detected (di Marzio, 1924)”. This last form may be 
called a sequestrated meningocoele. 

The posterior type is less common. Strandberg (1949), who reviewed the 
literature from 1841 to 1948, reported 31 cases of this type and added one of 
his own, and Tayebi and Silverman (1956) reported two cases. The cranial 
contents may protrude through a natural opening, such as the optic foramen, 
the superior orbital fissure, or the posterior ethmoid foramen, or through a 





* Received for publication May 4, 1959. 
309 





310 A, MORTADA AND I. EL-TORAEI 


defect in the bony orbit, usually at the apex, sometimes the roof, occasionally 
the medial wall, and exceptionally the lateral wall. The defect may be small 
or very extensive; in a case reported by Tauber (1900), ossification of the 
roof, floor, and apex of the orbit was so incomplete that the cranial cavity 
and the maxillary antrum formed a common cavity. One or both wings of 
the sphenoid may be ill-developed or absent (Jaensch, 1926, 1928, 1941; 
Scullica, 1927; Strandberg, 1949). Other abnormalities of the skull and 
brain may coexist. Similarly the eye itself may be normal or abnormal. Of 
the 31 cases collected by Strandberg, four had microphthalmos and one had 
ccloboma of the optic nerve. Other cephalocoeles may occur in the temporal 
region (Jaensch, 1926, 1928, 1941; Schreyer and Sprenger, 1927; Strandberg, 
1949), the occipital region (Jaensch, 1926; van der Hoeve, 1935) or the ear 
(Jaensch, 1926; Schreyer and Sprenger, 1927). Vascular anomalies may also 
exist. In Strandberg’s case, the carotid artery was peculiarly twisted in rela- 
tion to the dura mater. Dandy (1929) found a large extradural vein at 
operation which seemed to have replaced the cavernous sinus, and the internal 
carotid artery was absent on the affected side. In Tayebi and Silverman’s case 
there was asymmetry of the skull vault. The reported anomalies in the eye 
include coloboma, microphthalmos, hydrophthalmos, and apparent anoph- 
thalmos (Tauber, 1900; Cohen, 1927; Jaensch, 1926; von Hippel, 1906; 
Borochovic, 1930). Neurofibromatosis associated with orbital defects has 
also been recorded (Rockliffe and Parsons, 1904; LeWald, 1933; Seaman 
and Furlow, 1954; Wheeler, 1936; Bruwen and Kierland, 1955; Whiting, 
1938). There may also be orbital neurofibromata, but these cases do not 
belong to the orbital meningo-encephalocoele group. 

The herniated part may be a meningocoele, cephalocoele, or hydren- 
cephalocoele. In most cases brain substance is included, although this is 
usually atrophic and may appear oedematous and degenerated as the wall 
of acyst. A true meningocoele is rare. The dura is fibrous and is adherent 
to the surroundings or to the skin or it may be defective. The pia-arachnoid 
tissues are hardly recognizable. 


Clinical Appearance 


The condition may be evident at birth, but usually develops in infancy 
and childhood, and is rarely delayed until adult life. Females are affected 
about twice as often asmales. There isno evidence of an hereditary tendency. 
Trauma to the head may cause the manifestation or accentuation of the con- 
dition. Internal hydrocephalus, orbital infections, and neoplasms are 
rarely exciting factors. It is very unusual to find congenital orbital defects 
by chance in the routine skull radiographs which are carried out to investigate 
suspected fractures. Small defects may cause no symptoms. 

The essential symptom is a slowly progressive proptosis showing pulsations 
synchronous with the heart, usually unchanged with the compression of 
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one carotid but reduced on pressing both arteries. Coughing or straining 
usually increases the protrusion of the eye. Slight pressure on the globe 
usually reduces the proptosis to some extent and may produce some giddiness 
and nausea. On the other hand, however, the exophthalmos may not pulsate 
at all. 

In the interior type the cephalocoele appears at the inner angle of the 
eye and displaces the globe downwards and outwards; but the cyst 
may appear above the globe (Whiting, 1938), in the neighbourhood of the 
lacrimal gland (Zeidler, 1926), in the floor of the orbit (van Duyse, 1920), 
or in the lateral wall displacing the eyeball in the opposite direction. The 
displacement is sometimes so marked as to cause congenital luxation of 
the eyeball (Speciale-Cirincione, 1923). These cysts may pulsate and 
may bulge more on straining; sometimes this sign is very marked and at 
other times it is negligible or absent. The pulsation is reduced by bilateral 
carotid pressure and the size is reduced by pressure and by withdrawal of 
cerebrospinal fluid. Pressure may produce cerebral symptoms such as 
slowing of the pulse, convulsions, or even coma. In our case we noticed 
that the size increased when the patient’s head was bent down, and after the 
injection of air into the thecal space. The overlying skin may be normal 
but more frequently it is hyperaemic and it may be very thin. Oedema of 
the lids is common, especially in the upper lid. Ulceration rarely occurs; 
it is usually initiated by trauma leading to very serious infection. 


Diagnosis 


This is usually possible when the above signs are present, but is sometimes 
difficult. Aspiration of cerebrospinal fluid from the cyst or after injection 
of phenolphthalein in the lumbar theca is diagnostic. Radiological features 
are important. A defect in the orbit will correspond to the site of the 
abnormality, which may be of variable size, and the orbit itself will be 
enlarged. When the defect is big with prominent cerebral herniation, the 
anterior cranial fossa is reduced in size as evidenced by displacement of the 
sphenoid ridge forward and upward. At the same time the middle fossa 
is increased, as is evidenced by a forward bulge in the floor in the coronal 
and sagittal projections. In the lateral views the usual parallelism of the 
orbital roofs and of the floors of the middle fossa is lost. The line of the 
orbital roof in the lateral view is shorter on the affected side, and when the 
roof is lacking only one line is seen instead of two, In the posterior type of 
lesion the apex of the orbit may be lacking, either alone or with the adjacent 
part of the roof and side walls. The wings of the sphenoid may not be 
identifiable, and the orbital fissure may be enlarged compared with the other 
side. The orbital foramen may be normal or enlarged. Other defects may 
be present in the skull and in the maxilla. Pneumo-encephalography may 
show subarachnoid air in the orbit, especially by means of lateral horizontal 
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beam examination in the “brow up” position. The ventricular system is 
usually normal, but there asymmetry or ipsilateral dilatation or deformity 
may be caused by the herniation. Associated hydrocephalus may also be 
detected. Cerebral angiography may show vascular anomalies in association 
with or conforming to the cerebral herniation. The condition has to be 


differentiated from other causes of exophthalmos. 


Treatment 


The treatment of orbital cephalocoele, especially the posterior variety, is 
difficult and the mortality is high because of the age of these patients and the 
development of such complications as meningitis and cerebrospinal fistulae. 
Old measures, such as ligature of the carotid or the injection of irritants, 
are to be condemned. The transorbital route is difficult and very unsatis- 
factory. The transfrontal technique, which was successfully tried by Dandy 
(1929) for a case of orbital meningocoele, is the best. Birch-Hirschfeld 
(1915) found only five successful cases out of 43. If the cyst is a meningo- 
coele sac, it is dissected and ligated and then excised. If the defect is 
large it is closed by a bone graft, generally taken from the skull vault, by a 
dural substitute (fascia lata or pericranium), or by gel film. Synthetic 
material (such as polyethylene) and metals (such as tantalum or vitallium) 
have not been used. Enucleation of the eye is not indicated except when the 
globe is destroyed or congenitally abnormal. Partial recurrences of the 
proptosis may occur in large defects and may need a second surgical 


intervention. 


Case Report 


A female child 18 months old was admitted to hospital on January 14, 1959. She had 
been born at full-term by forceps delivery, and proptosis of the left eye had been present 
since birth. The mother had had two other deliveries also by forceps, and one of these 
babies had died, and she had also had three abortions. There was no similar abnormality 
in any member of the family. The mother had had no fever or illness during pregnancy 
but she had had a non-adherent leucoma in the left eye for many years. 


Examination —The child was of normal weight and in good general condition. The 
size of the skull was normal. 

The left eye was proptosed and was displaced downwards and laterally. The oedematous 
eyelids hid the eyeball (Fig. 1). Examination of the eye by speculum retraction showed 
no anomaly. On the nasal side of the orbit there was a cystic swelling covered by thin 
skin showing dilated veins. It was compressible and slightly pulsating, and increased 
in size when the child was crying. Firm pressure on the swelling caused the child to 
faint. Compression of both carotids stopped the pulsation. 

The right eye was normal. Ear, nose, and throat, heart, chest, and abdomen were 
normal. The blood, urine, and cerebrospinal fluid were normal. 

The child was not mentally backward. X-ray of the skull showed a wide left orbit, 
wide orbital fissure, thin orbital roof, and a defect in the nasal wall of the orbit (Fig. 2). 

Encephalography showed some air in the left orbit (Fig. 3) and some dilatation of the 
anterior horn of the lateral ventricle (Fig. 4). 
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Fic. 1.—Swelling on the nasal side of 
orbit with proptosis. The eye is hidden 
by the oedematous lids. Notice the 


thin skin over the swelling. 


Fic. 2.—Radiograph of the skull, showing left 
orbit much enlarged, thin defective orbital roof, 
and thin nasal wall. The orbital fissure is dilated. 


Fic. 3.—Encephalogram, showing air in left Fic. 4.—Encephalogram, showing dilated an- 
orbit. terior horn of lateral ventricle. 


Operation.—This was done by one of us (I.T.) under gas-oxygen-trilene anaesthesia with 
endotracheal intubation. A frontal osteoplastic flap was raised (F. Krause). The dura 
was opened and the frontal lobe retracted by a spatula. The brain showed a very thin, 
rather transparent area on the under surface of the frontal lobe about 1 inch in diameter. 
Further retraction of the brain showed a defect large enough to admit two fingers at the 
roof of the orbit opposite to the thinned brain area. There was an incomplete sac which 
was partially removed, and the defect was closed by a pericranial flap taken from the 
neighbourhood and blocked by a cube of Spongel. The brain was reposited, the dural 
opening partially closed, the bone flap replaced and fixed, and the scalp closed with 
drainage. 
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Result.—The proptosis receded completely and the post-operative course was unevent- 
ful. 


Summary 


Orbital meningo-encephalocoele is a.rare congenital abnormality causing 
exophthalmos. The classification, aetiology, pathology, clinical appearance, 
diagnosis, and treatment are discussed. A case treated successfully’ by 
operation is the first to be reported from Egypt. 
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APPLIANCES 


NEW INSTRUMENTS FOR USE IN CATARACT 
EXTRACTION* 


BY 
FERNANDO SILVAN 


Pamplona, Spain 


SUCTION APPARATUS 


IN the adult, the suction extraction of cataracts, whether intumescent or 
not, is a valuable method, and I find it more satisfactory than the use of 
forceps, for which the indications are more limited. Many types of eriso- 
phake have been described, the majority having similar end-pieces but 
exerting suction by different methods: a simple rubber bulb (Pérez Llorca, 
1947; Bell, 1948; Harrington, 1951; Esposito, 1953; McCoy, 1953; Silvan, 
1953, 1956; Moreno, 1954), an electrically powered suction pump (Barraquer, 
1917), or accurately-fitted syringes with valves operated by hand or bya spring 
(Rochon-Duvigneaud and Nogues 1934; Lijé Pavia, 1936; Dimitry, 1941; 
Arruga, 1952). All these instruments function satisfactorily, and are used 
by various oplithalmologists according to their personal performance. 

Although these instruments have their positive advantages they are not 
without their drawbacks. For example, the rubber bulb has to be pressed 
and released while the suction cup is being applied and this reduces the 
delicacy with which the cup can be applied to the lens. Mechanical suction 
seems to involve a disproportionate application of energy—a suction of 
several litres per minute being used for the removal of the lens weighing only 
about 25 centigrams—it is as if one were to call the fire brigade to put out 
a match (though this is not said with the object of detracting from the 
valuable work of the originators of this type of instrument). Finally, the 
syringe type of instrument requires awkward movements of the piston or 
valve to be made just as the surgeon’s full attention should be given to the 
task of applying the cup to the lens. 

To overcome these difficulties, I have devised a succession of different 
instruments, substituting a foot-control which leaves the hands free. Instru- 
ments have been similarly adapted for the diathermy treatment of retinal 
detachment, and for dacryocystorhinostomy. My earlier instruments have 
been modified according to the experience gained in their practical use, and 
the usefulness of the one described below has been proved in practice. 
Its principal features are perhaps more readily appreciated from the illus- 
trations. 





* Received for publication August 24, 1959. 
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The instrument (Fig. 1) con- 
sists of two parts: a fixed 
support (A) and a detachable 
working mechanism (B). The 
support comprises a base (a) 
on which is mounted a vertical 
column (b). A pedal (c) work- 
ing on the principle of a second- 
class lever operates, by means of 
a cord (d), a movable cylinder 
(e) which slides like a piston in 
a fixed and shorter cylinder (f). 

This piston. mechanism is 
shown in detail in Fig2. Press- 
ure on the pedal pulls the cord 
(d), which withdraws the mov- 
able cylinder (e), and when the 
pressure is released a spring (g) 
returns the cylinder to its origi- 
nal position. Adjustable stops 
(h, h) regulate the excursion of 

A the cylinder. The movable 
cylinder has two brackets (i, j) 
for the attachment of the cable 
and its covering sheath (see Fig. 
3). The cylinder (f) is fixed to 
the base-plate (k). 














Fic. 1.—Pedal mechanism for cataract extraction 
by suction. 


Fic. 2.—Fixed stand (A), showing cord (d), piston (e), cylinder (f), spring (g), 

and stops to regulate piston mechanism (h, h). Brackets for the attachment of 

the cable and its sheath are shown at (i) and(j). The whole cylinder is mounted 
on the base-plate (k). 
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The movable part of the instrument (Fig. 3) consists of the suction cup (1), 
the syringe (m), a cable of stainless steel (n) running inside a metal sheath 
(o), and the attachments (is, j2), which connect the cable and its sheath to the 
stand. 


in n jo | 
Fic. 3.—Suction cup (1) with syringe (m) and the cable (n) and its metallic sheath 
(o) with attachments (i2) and (j2) which are to be fitted into the brackets at (i) 
and (j) respectively. In this way the cable is joined to the movable piston (e) 
and the cable sheath to the fixed stand. 


The movable part of the instrument, that is the syringe and cup together 
with the cable and its covering, can be sterilized either by formalin vapour 
or by prolonged immersion in alcohol. In the latter case the syringe should 
be cleaned by the aspiration of sterile water so that the last trace of alcohol 
is removed before the instrument is used. 

The excursion of the piston is adjusted before use by setting the stops (h) 
and the instrument is ready for use. With very little pressure on the foot- 


pedal, the lens is picked up by the suction cup and may then be extracted 
without difficulty. 

The ease with which the syringe, tube, and suction cup can be changed 
enables a series of cataract operations to be done one after the other with a 
fresh suction cup for each patient. 


CATARACT KNIFE 


Another instrument designed for cataract surgery is the “Inverted Knife” * 
(cuchillete inverso). This enables the corneal incision for the left eye to be 
performed using the right hand but with the surgeon in his usual position 
behind the head of the patient. Its use overcomes the difficulty that the 
surgeon has either to use the knife with his left or unskilled hand or to 
change his usual position. Figs 4 and 5 show the detachable blade intro- 
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Fic. 4.—Inverted knife. 
* Made by Grieshaben, Schaffhausen, Switzerland. 
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PCIE nescence 


Fic. 5.—Inverted knife with blade dismounted. 


duced into a clamp at the end of the knife handle. The handle is so shaped 
that the blade can be guided by the right hand, and the handle itself is 
angled so that it passes comfortably over-the bridge of the nose. 
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CORRESPONDENCE 


DIAGNOSIS OF DIPLOPIA 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs,—The article by E. C. Cowan (Brit. J. Ophthal., 1960, 44, 59), describing a simple 
apparatus for the diagnosis and recording of diplopia, prompts me to make a few 
observations. 

His instrument uses a method not unlike that which I described some years ago (Brit. 
J. Ophthal., 1949, 33, 54) and which is still available in an improved form called the 
‘Lees Screen” from Theodore Hamblin Ltd. Mr. Cowan appears to be unaware of this 
screen as he does not mention it in his article. 

My early experiments led me to conclude that the use of a small screen, as in Mr. Cowan’s 
apparatus, because of the short working distance involved, leads to errors from the eyes 
converging secondarily to the accommodation which is brought into play. 

The need to invert the screen by such a method as Mr. Cowan’s was recognized by me, 
and was obviated on my screen by a double mirror and by screens on which the tangent 
scale is invisible until illuminated, so enabling the testing of each eye without moving 
the screens in any way. 

I came to the conclusion that portability, although occasionally convenient, was better 
sacrificed for the benefits which a larger and more refined, though static, instrument 
conferred. 

Yours truly, 
V. T. LEEs. 
ROYAL ALBERT EDWARD INFIRMARY, 
WIGAN, LANCs. 
February 24, 1960. 


BOOK REVIEWS 


Dynamic Electroretinography in Ophthalmology. (L’électrorétinographie dynamique en 
ophtalmologie.) By G. E. JAYLE, R. L. Boyer, and R. L. Camo. 1959. Pp. vi+ 
161. Masson, Paris. (41s.) 

After 20 years of hard work, electroretinography has still not been shown to be of any 
real clinical significance. Any attempt to increase its usefulness is to be applauded. 
The authors of this monograph have evolved a technique which enables them to record 
the ERG during the various phases of dark adaptation, and in response to flicker and light 
of different wavelength. They can assess these records in many different ways. 

But, in order to gain useful information from such records, it is necessary to have sound 
knowledge of the basic physiology of vision and the physics both of the recording situa- 
tion and of the instrument one uses: in these respects this work is unsatisfactory. The 
review of previous work is superficial and frequently incorrect, and the section on technique 
and possible errors is inadequate. These authors do not use non-polarizable electrodes. 
They do not immobilize the pupil (though they investigate the results of alternating 
stimulus intensity). They use an inadequate time constant (0-3 sec.) and a pen-recorder 
which is not only incapable of following changes with the desired rapidity, but also writes 
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on curved co-ordinates, thus making the latency measurements (on which great store is 
set) inaccurate. 

The new technique has been standardized on a group of twenty young adults. The 
normal ERGs differ widely, and no mention is made of the fact that one individual may 
produce ERGs of widely differing form. Since the patients investigated were mostiy 
elderly, the choice of young adults as normals is not a very happy one. Nevertheless, 
the authors may fairly claim to have diagnosed senile macular degeneration electro- 
retinographically, though their claims with respect to other retinal pathologies are open 
to doubt. The monograph closes with a 50-page bibliography which is indeed useful 
but would have more value were it complete, were the references given in the usually 
accepted manner, and were the attached abstracts more critical. 


May and Worth’s Manual of Diseases of the Eye. By T. Keith Lyle and A. G. Cross. 
12th ed., 1959. Pp. 759, 305 figs, 65 col. pl. Bailliére, Tindall and Cox, London. 
Since it first appeared in America 60 years ago this useful text-book has established 
itself so firmly into the literature that a review of the 12th edition seems almost unnecessary. 
As a compendium for the medical student and a source of reference for the general 
practitioner or intending specialist, it is a useful guide, particularly in view of the stress 
placed on the relationship between ophthalmology and general medicine. It is so good 
that the impulse in the reviewer to make some suggestions is irresistible in order to make 
it better. The importance and frequency of virus infections of the outer and inner eye 
are perhaps not sufficiently stressed and it seems unnecessary to treat inclusion blenn- 
orrhoea of the new-born by painting with silver nitrate when topical antibiotics are so 
effective. In the diagram of the pupillary dilatator pathways (and by inference in the 
text) the only sympathetic cell-station indicated is in the-ciliary ganglion; there some- 
times are sympathetic cells in this ganglion the function of which is unknown, but the 
essential cell-station is the superior cervical ganglion. Finally (in the volume received 
for review), it will be an excellent exercise for the student to insert the several letters and 
numbers in the legend into the naked simplicity of Plate xiii. 


Light Coagulation (Lichtkoagulation). By G. Meyer-Schwickerath. 1959. Klin. Mbl. 
Augenheilk., Suppl. 33. Pp. 96, 55 figs, bibl. Enke, Stuttgart. (D.M. 15.60). 

This monograph on light coagulation gives a résumé of the very interesting history and 
development of this method of treatment, from using the sun as a source of light, then a 
carbon arc lamp, and finally the Xenon arc lamp. 

A brief description of the histological changes which occur after treatment gives the 
reader the essential background for deciding which cases are suitable. 

The main groups of retinal lesions, not only holes in the retina which may cause 
detachments, but certain tumours of the retina and choroid which are amenable to 
eradication, are described and illustrated before and after treatment. 

Finally, a short chapter on the treatment of certain iris lesions and surface tumours at 
the limbus completes a masterly introduction to this vigorous rapidly-growing subject. 


Book REVIEWED IN Ophthalmic Literature 


The following monograph has been received and a review will appear in the June issue 
of Ophthalmic Literature (Vol. 13, No. 4). 
The Metabolism of the Lens (Untersuchungen zum Stoffwechsel der Augenlinse). By 
M. von Stackelberg. 1959. Pp. 39, 10 figs., 25 refs, Forschungsbericht 710. 
Westdeutscher Verlag, K6In (D.M. 11.50.) 
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INVESTIGATION OF THE SOURCES OF TRACHOMA 
IN THE WHITE SCHOOL POPULATION OF 
WESTERN AUSTRALIA* 


BY 
IDA MANN 


Perth, Western Australia 


IT is now nearly 6 years since the beginning of the Ophthalmic Surveys of 
Western Australia. During that time many thousands of school children 
of all races have been examined and the incidence of trachoma in the general 
population, white and native together, has been found to be approximately 
30 per cent. If persons with aboriginal blood alone are considered, the 
percentage rises to 58 per cent., that in the total white population being 
approximately 4 per cent. These figures are derived from the results of the 
three Western Australian Surveys (Table I). 


TABLE I 
INCIDENCE OF TRACHOMA BY RACE 






































No. of Persons No. Affected with 
Race Area Examined Trachoma 
Kimberley 2,866 1,199 
Goldfields 2,203 729 
Total 
Persons | South-West 5,578 1,308 
Total i 10,647 3,236 
(30 per cent.) 
Kimberley Coloured 507 225 
Full-blood 1,678 948 
Goldfields Coloured 414 234 
Full-blood 691 407 
Non-White 
South-West Coloured 1,793 1,154 
Full-blood 107 64 
Total with Aboriginal Blood 5,190 3,032 
(58 per cent.) 
Kimberley 681 26 
Goldfields 1,098 88 
White 
South-West 3,678 90 
Total 5,457 204 
(3-9 per cent.) 


























Since the preliminary surveys have been completed, repeated small local 
surveys have been carried out, and the impression has been gained that 





* Received for publication July 28, 1959. 
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trachoma in the white population is increasing. New cases are continually 
being found in children by the School Medical Officers, who now make a 
routine examination for trachoma in every child seen. Each child is inspected 
at least twice during his school life. 

It was therefore decided to examine some of the school findings with the 
intention of discovering the source of infection. This was at first naturally 
assumed to be by contact with non-white children, since there is no social 
segregation in education except that imposed by circumstances of geography 
and distribution of population. 

It was soon apparent, however, that cases of trachoma were occurring in 
**all-white” schools among children in districts with no native population. 
The individual cases were then examined and their origins and contacts 
enquired into. The results are interesting, in that it becomes apparent that 
an exogenous as well as the expected endogenous source of infection of the 
white population exists. No attempt has been made to re-assess the per- 
centage incidence in white children. This would not be easy as each school 
is not inspected every year, and it could be misleading, as will appear, because 
of the discovered existence of * ‘pockets”’ of high incidence interspersed with 

“‘clean”’ areas. 

Twenty-four schools have been considered; twelve are “all-white” schools, 
where the children have no contact with natives, and twelve are mixed 
schools. It is obvious that in the former the disease is being introduced from 
Italy, Jugoslavia, Greece, and other countries outside Australia, in most 
instances. However, pockets of the disease may exist among white 
Australians, left over in slum areas from the time of its former prevalence at 
the beginning of the century. Of 141 cases of trachoma in “all-white” 
schools, 96 were in children of foreign extraction and only 45 in Australians 
of British ancestry (Table II). Poverty, lack of hygiene, and an institutional 
~ life would seem to foster spread of the disease. 


TABLE II 
CHILDREN WITH TRACHOMA IN “ALL-WHITE” SCHOOLS, BY RACE 








Race | Cases of Trachoma 
West Australians... me “4 Fi an i: a bes 45 
Born in Italy oF a8 ‘ii is 2, 26 
Born in renal of Italian parents e Me ite i 4 25 

> 15 


Born in Great Britain 

Born in Malta 

Born in Greece 

Born in Ireland ; 
Born in Egypt of Maltese—Italian parents 
Born in Jugoslavia .. . 
Born in Greece, lived in Palestine . 

Born in Germany 

Born in Holland ee 

Born in Australia of Jugoslav parents as 
Born in London, lived in Malta and India 


Total 141 
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In the twelve schools with both white and native children there were always 
some native children, though the whites outnumbered them. In some there 
were foreign children, in others, none. Since the native population is known 
to be much more infected with trachoma than the white, we should expect 
the source of it in mixed schools to be from native to white. This is borne 
out by the figures shown in Table III. There is a much greater incidence in 
white Australian children in mixed schools than in white children of foreign 
origin. 








TABLE III 
CHILDREN WITH TRACHOMA IN “MIXED” SCHOOLS, BY RACE 
Race Cases of Trachoma 
West Australians .. Da bt Pip th ge se Ae 86 
Italian tis ou re ii ay es i oc a 8 
Polish . . re ie Si oe a ys aie high ge 4 
Jugoslav “i ig Sa ia ae ie a a y 4 >Total 105 
Dutch a7 Se a ae He “ ae Mr cs 1 
Maltese as me ie ve 3 es ri a Ws 1 
English as <3 ie wy 74 de ag a 4 1 








It is, however, to be remembered that, in many places, especially in the 
Kimberleys and the gold mining areas, there are few white persons of foreign 
extraction. It is therefore obvious that both sources of infection in the white 
population must be considered, i.e. the natives and the European immigrants. 
If we take all 24 schools together, we find the numbers approximately equal. 
Of 246 cases of trachoma in white children in 24 schools, 115 were in immi- 
grants, mainly Italian, and 96 of these had had no native contacts. 


Summary and Conclusions 


Twelve schools taking only white children and twelve schools taking both 
white and aboriginal children were examined to find the sources of infection 
with trachoma in the white children. 

In the “all-white” schools there were 141 cases, 96 of them in white 
children of foreign origin. 

In the mixed schools there were 105 cases in white children, of whom 
only nineteen were foreign immigrants. 

Therefore there are two probable sources of infection: one from native 
children, the other from migrants, mainly Italians, with some Poles and 
Jugoslavs. 

In a few places, however, trachoma is still endemic in a white population 
with neither native nor immigrant contacts. 

There is a definite danger that increased immigration is introducing 
trachoma into areas without native contacts which were previously free of it. 
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EXPERIMENTAL TREATMENT OF AUSTRALIAN 
TRACHOMA* 
WITH SPECIAL REFERENCE TO LEDERKYN 


BY 


IDA MANN 
Perth, Western Australia 


Ir is now approximately 5 years since, following the initial ophthalmic survey 
of the State of Western Australia, it became apparent that a mass campaign 
for the eradication of trachoma would have to be undertaken by the Public 
Health Department. 


Review of Various Trial Treatments 

Various pilot projects were initiated to ascertain whether Australian 
trachoma behaved in the same way towards the various available therapeutic 
measures as that in other countries and to enable us to work out a method 
of mass treatment suitable for routine use in the somewhat peculiar con- 
ditions met with in the remoter parts of the State where trachoma was rife. 


In the earlier pilot projects sulphadiazine, trisulpha, and sulphadimidine 


were used orally alone, or combined with local aureomycin or terramycin 
ophthalmic ointment. A few cases were treated with ointment alone. Some 
cases were treated by expression of the follicles before the drug treatment 
was begun. Clinical trials of the sulphones (D.A.D.P.S.) were also made 
following the observation that active trachoma was unknown in patients 
undergoing treatment for leprosy. At the present time trial treatment (with 
repeated observations) and mass treatment (blanket treatment in areas of 
high incidence) with sulpha-methoxypyridazine (Lederkyn) is in progress. 
This communication deals mainly with the results of this trial treatment. 

Our earlier results with the various treatments mentioned above coincided 
largely with those of observers in other parts of the world, and the impression 
gained was that treatment with any of the soluble sulphas by mouth for 
14 days combined with local treatment of the eyes with aureomycin or 
terramycin ointment for 6 weeks gave excellent results. Treatment with 
oral sulpha alone was also very effective. A few cases treated with local 
ointment alone responded, though somewhat more slowly. D.A.D.P.S. was 
also effective, but acted much more slowly, and was accompanied by various 
toxic manifestations which rendered its use unjustifiable. Expression of the 
follicles was usually followed by worse scarring than drug treatment alone 
and was soon abandoned. 





* Received for publication July 28, i.-*9. 
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Local conditions in Australia preclude the general use of combined oral 
and local treatment. The patients are almost all aboriginals or half-castes of 
various degrees. The incidence of trachoma among the coloured population 
is 50-80 per cent. according to locality. (That in the white population is 
3-6 per cent. but is rising.) The native patients are nomadic, philosophic, 
and uncooperative. They cannot be relied on to remain in one place for 
anything like 6 weeks, nor can they be persuaded in most cases to attend 
voluntarily even once a day regularly for 2 weeks. They consider physical 
disease as something to be borne with stoicism and they fail to see the 
connexion between the early stages of trachoma and the blindness of the old 
people. They think that treatment is unnecessary and will evade it if possible. 
Their lack of co-operation will often extend to receiving a tablet in the mouth 
from the nurse and retaining it in the cheek while the prescribed glass of 
water is drunk, only to spit it out later in the clinic garden. 

Inserting ointment in the eyes three times or even twice a day is an im- 
possibility in most cases. 

We are therefore committed to finding the simplest, shortest and most 
effective method of oral treatment for use among native school children 
over whose movements we have at least some control. 


Natural History of Trachoma in Australia 
The natural history of trachoma in Western Australia appears to imply 


that if we could ensure that no child reached school-leaving age with active 
trachoma, its incidence in the next generation would be enormously reduced. 
Infection usually occurs before the age of 2 years. The onset is insidious, 
the symptoms practically nil. The type of disease is trachome pur in most 
instances, though secondary infection can occur. If this does occur, the 
mother may be more co-operative, as the eyes look inflamed. There is no 
medical supervision for native pre-school children, and it must be remem- 
bered that the native population lives mostly in scattered groups often 20 to 
50 miles apart, without transport or access to hospital except for severe 
emergencies when contact may have to be made by aeroplane. The only 
method of reaching a high percentage of pre-school children is by instituting 
blanket treatment without preliminary diagnosis and delegating it to white 
persons who are able to contact groups of natives (e.g. Health Inspectors, 
Station Managers, and Missionaries) and are willing to treat them. 

When the child reaches school age (and sometimes before) there is at 
present a good chance of his attending school, at least sporadically, for some 
years. In the metropolitan area and the City of Perth and in other large 
towns, practically all native children attend school. In the remoter districts 
they are catered for by missions with a State School teacher attached, by 
orphanages, by convent schools, and by small classes held on cattle and 
sheep stations for the children of employees. 
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A child leaving school without ever having caught trachoma or one cured 
during the school years and remaining cured until 14 or so, very seldom 
contracts trachoma later in life. This is possibly due to the inculcation of 
habits of personal hygiene at school and not to any acquired or natural 
immunity. 


Treatment of School Children 


We have therefore concentrated our efforts on treatment of school-age 
children. For this, some form of oral sulpha which does not have to be 
administered frequently or for a long time is desirable. We have the complete 
co-operation of the teaching profession, who supervise the taking of the 
sulpha and make sure each tablet is swallowed and that sufficient water is 
drunk. They also report any adverse symptoms which may arise. Allergic 
or other reactions to the sulpha group seem to be rare in Australian ab- 
originals, very few cases having been encountered among many thousand 
treatments given and none of them serious. School treatment is given as a 
blanket treatment of every native or part-native child whether infected or 
not once a year, in March, after the long summer holiday. It must be re- 
peated each year as the proportion of re-infections is high in the younger 
children after the holiday. The children return to the filthy life of the camps 
and come into close contact with the untreated pre-school children and 
return to school with active trachoma again. 

This happens less and less often, however, as they grow older and 
children of 12 years old or so seldom become re-infected. 

The question of re-infection versus relapse after sulpha treatment cannot 
be settled in Western Australia as contact with untreated cases cannot be 
avoided. 


Diagnostic Criteria 

Since the concept of trachome pur as a symptomless condition in children 
is possibly a new one in countries not previously involved in trachoma 
eradication programmes, it may be as well to quote from the recommenda- 
tions of the Expert Committee on Trachoma (of World Health Organisation) 
which met at Geneva in 1956. It is there stated that the diagnostic criteria 
of trachoma must be the presence of any two of the following signs: 


(1) Follicles (conjunctival or limbal); 

(2) Epithelial keratitis most marked in the upper part of the cornea; 
(3) Pannus in the upper part of the cornea; 

(4) Typical scars. 


This has been adhered to by the School Medical Officers and other tra- 
choma workers in Western Australia and in all other Australian Surveys. 
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It seems probable that the trachoma incidence in Western Australia appears 
unduly large in comparison with that in the rest of this continent because all 
Western Australian School Medical Officers are trained in its recognition 
and evert all lids as a routine in all school medical inspections. 


Course of Trachome Pur 


At its inception in infants usually nearly a year old, the disease is very mild 
and consists of the appearance of scattered necrotic follicles on the tarsal 
plate and in the fornix. There is no discharge. The eye is not red and the 
lid not obviously swollen. There is slight epithelial infiltration of the upper 
margin of the cornea, but pannus is slow in appearing and is not usually 
obvious with a loupe until between the ages of 2 and 3 years, when it appears 
as an “open limbus” or merely as slight irregularity. In untreated cases 
without secondary infection the vessels gradually extend to about 2 mm. by 
age 4. In a few severe cases, usually with secondary infection, the vessels 
extend to the pupil area, but this is rare before age 7 or 8, and is then not 
common. Limbal follicles and the resultant pits are common and are usually 
only accompanied by very short pannus vessels. Scarring of the tarsal plate 
appears slowly, but can be marked by age 7; it is worse in cases with secondary 
infection. In untreated trachome pur, healing usually occurs in the 20s with 
fine scarring, limbal pits, and empty vessels visible for about 3 mm. Our 
original survey (1953) showed that roughly 10 per cent. of trachoma cases 
become “blind” in later life and an additional 7 per cent. have definitely 
impaired sight. Among these, secondary infection is the rule. 


Results of Treatment 


That the plan of treating school children, even though it has not yet become 
absolutely routine and universal, is already having an effect on the incidence 
of the active trachoma in the general population, is shown in the Figure 
(overleaf), in which the percentage of cases with active infectious trachoma 
(with follicles) of the total cases of trachoma seen is plotted against age. 

Two surveys are shown: in 1953 before any treatment had been given and 
in 1956 after the use of oral sulphadiazine. 

It will be seen that the effect of the treatment has been to push back the 
age at which the trachoma is active to the younger age groups. For example, 
in 1953, 95 per cent. of all trachoma in children of 10 was active, whilst in 
1956 only 60 per cent. was active. 

These results were achieved with somewhat irregular treatment during 
24 years. Later, more schools and stations entered the scheme and sulpha- 
dimidine was used instead of sulphadiazine; at the present time practically 
all the schools are willing to do an annual blanket treatment and to treat all 
new entrants on arrival. This last is essential, as if it is neglected the new 
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PERCENTAGES OF ACTIVE TRACHOMA AT EACH DECADE 


10 20 
AGE (YRS) 
Ficure.—Percentages of active trachoma at each decade. 


arrivals may easily infect the cured children before the annual blanket treat- 
ment is due again. It is to be regretted that shortage of Public Health Staff 


makes it utterly impossible to inspect every school and station every 
year. 


Introduction of Lederkyn (Midicel).—As soon as it was realized that 
Lederkyn was a slow-acting relatively non-toxic sulpha which only had to 
be given once a day, we decided to start clinical trials. From reports received 
it was also apparent that a triple dose could be given on Fridays to last over 
the weekend. This was a great advantage as the teachers could not 
guarantee that the weekend treatment with sulphadimidine would be 
carried out though the child was given the tablets to take home on the 
Fridays. 

Also the necessity for calculating the dose on the weight of the child intro- 
duced a difficulty as did the necessity for two doses a day. These had perforce 
to be given at 9 a.m. and at 3.30 p.m. so that even spacing in the 24 hrs was 
impossible. 

The introduction of Lederkyn obviated all these troubles. As the dose is 
based on age, not weight, and as all school children are aged 6 or over, a 
single tablet a day (with three on Fridays) is all that is required. It was 
therefore decided to use Lederkyn for blanket treatment in certain areas and 
in others to make detailed observations on its action in schools which were 
easily accessible. This report deals with those cases which it was possible 





i a i ee ee 


—_— Fy bee eS eS Oeste lh UlUCUUlCUF 


EXPERIMENTAL TREATMENT OF AUSTRALIAN TRACHOMA = 329 


to observe at intervals over 2 to 10 months. The children were not segregated 
and many went to camps for holidays after the treatment was finished. In 
all cases the dose for children aged 6 and over, was one tablet a day, for those 
aged 2 to 6 half a tablet a day, and for infants a quarter tablet a day. Most 
of those treated, however, were of school age. 

The effect of treatment with Lederkyn was especially investigated in 105 
cases with the natural history and clinical appearances described above 
constantly in mind. The results described below appeared to justify an 
extension from the “pilot project” to a limited “‘mass campaign” as advised 
by the World Health Organization. At the present time an attempt has 
been made to give a 2 weeks’ course of Lederkyn to every native and part- 
native person in the Kimberley District who is under 20 years of age, irres- 
pective of whether trachoma has ever been either looked for or diagnosed. 
Four months after the treatment a follow-up survey is planned to be carried 
out to assess the result, and the mass campaign will then be applied to the 
rest of the State if it appears justified. 


Clinical Results.—In the 102 children treated in the trial of Lederkyn and 
in previous observations with the other soluble sulphas, the following 
sequence of events occurs. 

At the end of the 2 weeks treatment there is very little change except that 
the hyperaemia is less and any discharge which may have been present (from 
secondary infection) has cleared up. The follicles appear unchanged. The 
drug has killed the virus but the ordinary processes of repair must still come 
into play to remove the necrotic debris and to convert the follicle into a 
minute stellate scar. In some cases, treated very early, it may eventually 
become impossible to detect any scarring even with the slit lamp. A com- 
plete restoration to normal may occur and, if there is no scarring and the 
corneal change has been an epithelial oedema and infiltration only, it will 
not be possible to say that the child has ever had trachoma. 

A month after beginning the treatment the tarsal plate is becoming 
smoother, each follicle being still visible but flat. This appearance of flatten- 
ing of the follicles is characteristic of treated trachoma, and is a sign that 
cure will result. In white children, trachoma and folliculosis may co-exist 
and one can watch the flattening of the pale slightly-yellow trachoma follicles 
after treatment, while the others, pink and solid-looking, remain un- 
touched. It might almost be said that, where diagnosis of a follicular 
condition is uncertain, the behaviour of the follicles 6 weeks after treatment 
with sulpha, affords considerable help. I have not found folliculosis or 
spring catarrh or any other of the non-trachomatous folliculoses to be 
influenced in any way by sulpha. Trachoma in white children often co-exists 
with other conditions, but, in my experience, native children do not often 
suffer from folliculosis or spring catarrh. 
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This flattening and recession of the follicles continues slowly, some taking 
9 months before they are converted into scars. It is therefore of little use to 
assess the value of a treatment too soon, say after 6 weeks. 

The corneal changes retrogress more quickly. During their development 
oedema of the epithelium at the upper limbus precedes infiltration with 
leucocytes, and this in turn precedes the “opening” of the limbus and the 
appearance of the first ““down-sprouts”’ of the pannus. Oedema is always 
in advance of vascularization in cases which are deteriorating. After 
treatment retrogression occurs in the reverse order. Oedema disappears 
before vascularization, often within 3 weeks. Gradually the vessels come to 
be clear and then after months they empty and become mere slender endo- 
thelial tubes. These remain visible for years, possibly permanently, and can 
always be made to fill with blood by manipulating the lids and by exposure 
during slit-lamp examination. 

Limbal follicles become converted into Herbert’s pits during the first 2 
or 3 months after treatment. These are permanent and provide throughout 
life an absolutely certain diagnostic and. pathognomonic sign of past 
trachoma. They may sometimes be seen in the almost entire absence of 
scarring and corneal vascularization in adults who have no knowledge of 
ever having had trachoma. 

In other words, treatment of trachome pur with sulpha accelerates the 
natural process of cure by removing the virus. Left to itself trachome pur 
resolves, usually in the early twenties and in some cases it may be symptom- 
less throughout. It must however be eradicated from the population as it 
forms the reservoir from which come the severe secondarily-infected cases, 
which we look on as “Egyptian” trachoma and which has such serious 
results. 

Treatment of the most severe cases with sulpha may yield surprisingly good 
results even when the pannus has covered the pupillary area. The clearing up 
of the secondary infection and the removal of the epithelial infiltrates and 
oedema may lead to remarkable improvement in sight. I have seen several 
cases “too blind to perform work for which eyesight is essential” restored 
to 6/9 in the better eye within 9 months. 

Entropion and trichiasis do not occur in school children. These symptoms 
may become troublesome in the late thirties but may also be found by 
age 25. A plastic operation should of course be combined with sulpha 
treatment and if possible with local treatment with antibiotic ointment. 


Lederkyn Trials 


(A) White Children.—Table I (opposite) shows in detail the results in nine- 
teen white children, and brings out certain points. Most of these children 
were living in an orphanage or had been born in Italy or elsewhere in 


Europe. 
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RESULTS IN 19 WHITE CHILDREN 





History 


Stage of Trachoma 


Time of 
Observa- 
tion 
(mths) 





Born in Perth 
of Italian par- 
ents from Sicily 


Hyperaemia_ 
Papillary hypertrophy 
One or two follicles 


23 


Cured 
No trace of disease 





Born in Sicily. 
Had an inter- 
rupted treat- 
ment a year 
before 


Pale follicles and pink fol- 
licles 
Pus in tonsils 


23 


Cured 
Pale follicles have gone 
Some folliculosis remains 





Sister of Cases 
1 and 2, born 
in Sicily. Had 
insufficient 
treatment a 
year before 


Tarsal and limbal follicles 
Typical and moderately 
severe 


Cured 
No follicles 
Some irregularity of limbus 





Greek 


Pale tarsal follicles 
Limbal infiltrates 
Folliculosis in lower fornix 


Cured 

No tarsal follicles 
Limbus normal 
Folliculosis present 





Australian 
born; infected 
in an orphan- 
age at 8 


Many follicles on tarsus 
Limbus faintly oedematous 


Cured 

Follicles flattening at 1 
mth, almost gone at 4 
mths, just visible at 5 
mths 





Infected in 
same orphan- 
age as Case 5 


Follicles + + 
Limbus open and irregular 


Cured 

Infiltrates gone at 1 mth 
Vessels empty at 4 mths 
No trace of trachoma at 
5 mths 





Infected in 
orphanage 


Follicles + + 
Early pannus 


Probably cured 

Follicles flattening at 3 wks. 
Vessels emptying at 2 mths 
Vessels empty at 4 mths 
Remains of follicles still 
visible 





Infected in 
orphanage pro- 
bably 


Follicles + + 
Early pannus 
Limbal follicles 


Probably cured 

Vessels quietening at 1 mth, 
and infiltrates gone 
Herbert’s pits at 2 mths 
Follicles flat but still visible 
at 5 mths 





Orphanage 


Few follicles, some limbal 


Cured 

Herbert’s pits at 2 mths 
Lids practically normal at 
5 mths 




















continued 
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TABLE I—continued 





History 


Stage of Trachoma 


Time of 
Observa- 
tion 
(mths) 





Orphanage 


Very few follicles when first 
seen, a few on limbus 


5 


Cured 

Slight limbal irregularity 
and flat follicles at 2 mths. 
Vessels empty 

Lids normal at 5 mths 





Orphanage 


Florid trachoma 
Faint limbal involvement 


Much improved quickly 
Healed at 5 mths showing 
scarring 





Orphanage 


Follicles and oedema only 
One irregular vessel 


Cured 
Trachoma disappeared 
Some folliculosis remained 





Lithuanian 
born in Ger- 
many 


Papillary hypertrophy and 
opaque follicles 
Limbus not involved 





Cured 

All opaque follicles and 
papillary hypertrophy dis- 
appeared at 3 mths 

Some folliculosis remained 








Orphanage 


Treated for blepharitis and 
folliculosis 9 mths before 
Early trachoma supervened 
Open limbus 


Cured 

Limbus normal in 1 mth 
Trachoma follicles at 5 
mths disappeared 

Some folliculosis remained 





Orphanage 


Blepharitis and follicular 
condition of naso-pharynx 
Florid trachoma when first 
seen 

Subsiding when Lederkyn 
started 

Had had sulphadimidine 
and terramycin ointment 7 
mths before 





Cured 

Trachoma follicles disap- 
peated but blepharitis recur- 
red and follicles remained in 
naso-pharynx and lower for- 
nix 





Orphanage 


Slight trachoma 
Open limbus and down 
sprouts 


Cured oe 
Remains of vessels visible 





Diagnosed in 
school inspec- 
tion 4 years 
before 


Many follicles on tarsal 
plate but not necrotic 
Papillary hypertrophy 
Limbus absolutely normal 
Almost certainly not tra- 
choma; may be A.P.C. 
virus, chronic? 


Follicles diminished in num- 
ber without flattening 
Limbus remained normal 
This had never been a case 
of trachoma 





Maltese 


Early trachoma 
Open limbus and down 
sprouts 


Nearly normal at 2 mths 
Cured at 5 mths 











Orphanage 








Slight secondary infection 
Follicles 

Irregular limbus 
Hyperaemia 











Still slightly hyperaemic and 
remains of follicles seen at 
5 mths 








EXPERIMENTAL TREATMENT OF AUSTRALIAN TRACHOMA = 333 


(i) In many cases it seemed likely that the disease had been present 
before their arrival in Australia. In the orphans, it could have been intro- 
duced by one child and spread within the institution. Cases 5, 6, 12, and 
14 are known to have been uninfected the year before. 


(ii) The progress made during the period of observation demonstrates 
that the younger the child the quicker the cure and the greater the chance of 
complete restoration to normal. It also shows that all children are likely to 
be cured, though even after 5 months the follicles are not fully resorbed in 
some cases. No new raised follicles appeared during the period of observa- 
tion. The children were seen at intervals of 3 weeks to a month. 


(iii) Case 17 is included mainly to show that cases showing pink or 
translucent follicles on the tarsal plate with no limbal involvement after 4 years 
are not to be diagnosed as trachoma and will not be benefited by sulpha. 


(iv) In several cases treatment had been given before. Various sulphas 
had been used, but we had very little proof that the dosage had been thorough. 
We know from experience with other sulphas that irregular or intermittent 
treatment is seldom successful. Cases are often labelled “resistant” when 
the patient has failed to take the weekend doses or has taken only an 
occasional tablet. In the Lederkyn trials we knew exactly what had been 
given. Cases 8, 9, 10, 11, 14, 15, 16, and 19 had had some treatment, and 


Cases 2 and 3 may have done so. 


Dosage.—We tried various doses. Cases 13 and 17 received a small dose, 
one-quarter tablet a day for 14 days. Case 13 did as well as the rest, but Case 
17 did not have trachoma. 

Cases 4, 5, 6, and 7 were given two tablets a day for 1 week. They did 
reasonably well, though Case 7 was not completely free of flat follicles. 
Cases 6, 8, 9, 10, 12, 14, 15, and 19 received only twelve doses instead of 
fourteen, but this did not appear to matter. The rest had fourteen doses, 


one a day. 


Cure.—The criteria of cure are difficult to define. We took the lack of 
appearance of fresh follicles during the period of observation, together with 
disappearance of hyperaemia, papillary hypertrophy and limbal infiltrates, 
to mean cure, if in addition the follicles were all flat and disappearing or had 
all disappeared. The conversion of limbal follicles into Herbert’s pits is 
also a helpful sign of improvement. 


(B) Coloured and Full-Blood Aboriginal Children.—The rest of the 102 
children involved in the Lederkyn clinical trials were full-blood or half-caste 
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aboriginals. In such children the diagnosis is seldom complicated by folii- 
culosis or vernal catarrh, but on the other hand they are constantly exposed 
to re-infection outside the school or mission where they are being treated 
(Table If). 


(1) Native Settlement in the Suburbs of Perth (Allawah Grove).—The 
treatment was given every morning by a Department of Public Health Officer 
and it is certain that it was administered. There was little co-operation from 
the natives, however, and the follow-up observations were very unsatisfactory. 
Many of the patients went away, and other untreated natives came to the 
camp and re-infected some already seen to be cured. Yet even under these 
poor conditions the treatment appeared to have a good effect. 

Nineteen children were treated, ranging in age from 18 months to I years. 
Two of them had probably been treated before, one possibly. The rest were 
new cases. Table If shows that, of these nineteen children treated under 
very poor conditions, the majority appear at the moment to be cured, but 
six showed signs of re-infection after having been seen to be completely quiet 
previously. The re-infections were all in children under age 6. This looks 
hopeful for the possibility of eradication during school life. 


TABLE It 
RESULTS IN 19 NON-WHITE CHILDREN 





Time of 
Stage of Trachoma Observa- Result 
tion (mths) 





8 Healed without trace 





Almost healed at 2 mths 
Vessels emptying at 8 mths 
Just detectable remains of fol- 
licies at 10 mths 


10 





Nearly well at 8 mths 
At 10 mths papillary hypertrophy 


and a few deep follicles 
Had been in a highly infected 


| 





Cured without trace at 8 mths 
Re-infected with secondary in- 


fection at 10 mths 


10 





Cured without trace at 8 mths 
Re-infected at 10 mths 





Almost cured at 2 mths 
Re-infected at 10 mths 





Follicles and discharge gone at 
2 mths 

Cured till 8 mths 

At 10 mths some deep follicles, 
? re-infection 


Follicles ; ; 
Secondary infection 
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TABLE II—continued 


” me Time of 
No. (yrs) State of Trachoma Observa- Result 
0. ) tion (mths) 
{ 


8 | 4 | Slight 


| 
| 








10 Appeared cured from 2nd to 8th 
mth 


At 10th month active again, 
? re-infection 





9 5 


Still cured at 10 mths 





10 Moderate Scars appeared at 2 mths 
At 8 mths much scarring and 


secondary infection 
At 10 mths quiet with scars and 


Slight | Appeared normal at 2 mths 
pits only 





Follicles and scars. Treated Improving at 2 mths 
once before with sulphadiazine Slight roughness only at 8 mths 


Quiet and scarred at 10 mths 
Scars and pits only at 15 mths 


Much improved at 2 mths 
Scars, pits, and vessels at 8 mths 
Remained quiet 10 mths 





Moderate 





Remained quiet at 10 mths 





Moderate Follicles disappeared 





Moderate Follicles disappeared 





Follicles gone at 2 mths 
Scars and pits at 10 mths 


Moderate 





Follicles and scars—had had Follicles still seen at 2 mths 
treatment with sulphadiazine Slightly rough at 8 mths 


Scars, pits, and empty vessels at 
10 mths 





Follicles Scars appearing at 2 mths 
A few scars and pits only at 
8 mths 
Remained cured at 10 mths 


10 





Follicles Pale, scarred, no hyperaemia by 
8 mths = ops ; 
Many pits, remaining qulet 
10 mths 


| 

) 

| 

| Moderate | Scars appearing at 2 mths 
| | 

: | 

| | 

| 

| 

: 





(2) Pinjarra-Serpentine Area.—These were children living in a more 
permanent shanty camp than Allawah Grove. There was good co-operation 
in this camp as thorough treatment with sulphadiazine had been carried out 
there 3 years earlier and the people had understood its purpose. These 
Natives were clean, and the previous treatment had had good results. The 


Lederkyn treatment was administered by the Health Inspector each morning. 
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Seventeen children were treated, but it was only possible to watch them 
for 7 weeks. In one case there was complete healing in this time and in 
fourteen the follicles were flat, the hyperaemia had disappeared, and the 
prognosis looked good. Two cases had severe impetigo and secondary 
infection when first seen; the impetigo and secondary infection cleared up 
but a few active follicles were still present at 7 weeks. Two of the seventeen 
were known to have had previous treatment, probably with sulphadiazine, 
but had relapsed or become re-infected. 


(3) New Norcia Convent School for Native and Coloured Children.—Here 
the children are under control, the treatment is efficiently given, and the re- 
sults good. Various treatments have been tried here in the past and all have 
proved good, but there is a very high rate of re-infection as the children go 
away for long holidays and to visit relations, etc. An annual blanket 
treatment is given in February each year to each child. The trachoma in 
this area is severe and there is often secondary infection. 

Of 47 children investigated, 27 had been treated with other sulphas before. 
Eleven of these had been seen cured in the past and had become re-infected. 
Of this 27, two were cured after 2 months and fourteen at the end of the 
third month. Ten of the rest showed the remains of flattening follicles at 
3 months and should now be well. One was cured but apparently re-infected 
at the end of 3 months. All had scars and pits and emptying vessels. 

The other twenty children had no record of previous treatment. Of these, 
thirteen showed no trace of follicles at the end of the third month, and the 
rest had remains of follicles only. Three showed complete restoration to 
normal with no scars or corneal vessels, and the rest showed scars, pits, and 
empty vessels. 


Conclusions 


It is not possible to assess these results in percentages of cures since some 
cases were not followed-up long enough and others ran the risk of re- 
infection. We can say, however, that in every case observed the same 
sequence of events took place within the first 3 months: flattening of the 
follicles, disappearance of hyperaemia and of papillary hypertrophy, and 
cessation of discharge if this had been present. 

That Lederkyn acts by killing the virus is shown by the number of patients 
observed who had no secondary infection. The general impression is that 
the response to Lederkyn is quicker and better than that to the other sulpha 
drugs we have tried, and even apart from this, the ease of its administration 
makes it at the moment the treatment of choice. 

It is proposed therefore to use Lederkyn in the annual treatment in schools 
and stations in Western Australia for the present. 
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A SECOND SURVEY WITH ELECTRO-OCULOGRAPHY* 
BY 
B. SHACKEL anp J. R. DAVIS 


Psychological Research Laboratory, EMI Electronics Ltd., Hayes, Middlesex 


A surRVEY of the EOG potential level and other basic parameters of electro- 
oculography in 126 subjects has been reported by Shackel (1960). This 
paper reports a second survey made 10 months later on the same subjects. 
For convenience the first survey will be referred to as Ganges I and the second 
as Ganges II. The basis of EOG is the detection of the standing potential 
difference between the front and the back of the eyeball; with known eyeball 
rotations the level of this potential can be assessed in terms of the potential 
detected by peri-orbital electrodes. The definitions of various terms used, 
details of the apparatus, and illustrations of typical recordings were given in 
the report on Ganges I. 

The specific purposes of the second survey were: 

(1) To find the test-retest correlation of EOG potential level over a long period 
of time. 

(2) To find whether the positioning of the electrodes within the limits of this 
test had any significant effect on potential level. 

(3) To find the general distribution and scatter of potential levels for vertical 
eye movements, and to evaluate a formula relating uniocular and binocular 
potential levels for 30° of eye rotation. 

(4) To check correlations of EOG potential with height, weight and age, and 
also with changes in height and weight. 


The subjects, apparatus, and methods used in this survey will be described 
first, and then each particular section of the investigation, with its results 
and discussion, will be treated separately. 


Subjects 


The subjects were drawn from No. 103 recruitment of H.M.S. Ganges, and 
were the same subjects who had been used in Ganges I. Of the 126 used in the 
first survey only 97 were available; ten of the original subjects were older boys 
from an earlier recruitment, and by October, 1957 (the time of this survey), had 
left the training establishment. Others who were not available for this survey 
had been transferred to different establishments, and the remainder were absent 
sick. 





* Received for publication July 10, 1959, 
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Apparatus 


A portable version of the electronic system developed for measuring eye move- 
ments (Shackel, Sloan, and Warr, 1958) was used as in the first survey. 

The target consisted of a perspex cross, the arms of which were 1775 in. long 
by 1 in. wide. At the end of each arm and at the centre of the cross was a cheese- 
head screw, painted black, to serve as a fixation point, so that the target, which was 
rotatable about the centre, could be aligned with the plane through the horizontal 
electrodes, by viewing through the siting jig. The siting jig consisted of a piece 
of aluminium mounted 18 in. from the table top, in which was a small peephole 
4 in. in diameter. At the other end of the mounting was a small spike at the same 
distance from the table, so arranged that when the observer looked through the peep- 
hole he couldalign the spikeand the central point of the target to the mid-point between 
the subjects’ eyes. The target could then be rotated to ensure that the engraved 
line through the centre was on a plane through the horizontal electrodes (Fig. 1). 


@ 


Le gs 





Fic. 1.—Target, biting bar, and siting jig for aligning the target accurately with the subject. 
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A wooden spatula was mounted as a biting-bar to prevent head movements for 
the duration of the test. The bar was exactly 30 in. away from the target giving 
an angle of eyeball rotation of 30° from the centre to the fixation points. 

The same type of electrode (Shackel, 1958) was used as previously. After the 
electrodes had been removed from each subject, a small perspex rule, marked in 
tenths, was used to measure the distance, in the horizontal frontal plane, between 
the centre of the electrode position and the centre of the pupil. It was con- 
sidered unnecessary for this experiment to drill the skin (Shackel, 1959) as any 
drifts occurring in the short time of this test could easily be compensated by 
interpolating a zero datum-line between the zero levels recorded. 


Method 


On entering the experimental room 
each subject was seated for 3 minutes 
while his temperature was taken and the 
skin was cleaned around the eyes and 
behind the right ear where the electrodes 
were to be placed. The electrodes were 
then filled with 1 per cent saline jelly and _ 
applied to the skin above and below the 
right eye for vertical eye movement 
recording, at the outer corners of the left 
and right eye for horizontal eye-move- 
ment recording, and behind the right ear 
for the earth connection (Fig. 2). 

The subject was then seated at the test- 
ing table, and the height of the biting bar 
was adjusted for comfort. The siting 
jig was used to align the subject and 
the target. 

Recordings were made, simultane- 
ously on both channels, of eye fixations on 5» eee RATE. 
in the following sequence (L=Left; Fic. 2.—Positions of electrodes. 
R=Right; U=Up; D=Down): 


0—L30° —O—R30°—0—L30° —0—R30°—0 
0—U30°—0—D30°—_0—U30°—_0—D30°—0 
0—D30°—0—U30°—_0—D30°—0—U30°—0 
0—R30°—0—L30° —0O—R30°—0—L30° —0 





While the subject was being tested his pulse was taken. At the end of the test 
the recording was calibrated with a known input voltage. 

After the test the electrodes were removed and the skin was wiped clean of 
saline jelly. The distance of the centre of each electrode position from the centre 
of the eyeball was measured with the perspex rule held squarely in front of the 
subject’s face. The height and weight of each subject was measured immediately 
before or after each test. As before, the average time required for testing each 
subject was about 6 minutes. 
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Results 


(1) Stability of EOG Potential over 10 Months 


Fenn and Hursh (1937) have reported constancy of potential for indi- 
viduals over time, but subsequent workers (Miles, 1939b; Mackensen and 
Harder, 1954; Kris, 1957) have reported significant differences in the poten- 
tial levels for the same individuals on different occasions; however, all 
experimenters have noted large inter-individual differences in EOG potential 
level (Fenn and Hursh, 1937; Miles, 1939a,b; Leksell, 1939; Mackensen 
and Harder, 1954; Shackel, 1960). 

As the evidence is somewhat conflicting and deals only with small samples, 
it was decided to test a sample of boys on two occasions at an interval of 
approximately one year. The testing situation for both tests was as nearly 
identical as possible and the same experimenter applied the electrodes, etc., 
throughout both series. 

The mean and standard deviation of the binocular EOG potential levels 
for 30° lateral rotation were not significantly different for Ganges I and 


Ganges II (Table I). 


TABLE I 


EOG POTENTIAL LEVELS FROM GANGES I AND II FOR 30° LATERAL 
EYE ROTATIONS 





Test Series Ganges I Ganges II 





Mean 580 nV 562 nV 
S.D. $s ss ae aT s 146 nV 147 pV 
Median .. a ie a = 560 nV 533 pV 

; is ie ‘es 126 97 
Age Range me i Peo 15 yrs to 173 yrs |15 yrs 10 mths to 17 yrs 2 mths 














To find the correlation between the voltage levels on the two occasions a 
Pearson product moment test was applied to the uncorrected scores. 


CORRELATION TEST I witH Test II 


r= +0-66 (97 subjects) 
(P= <0-001; both regressions linear) 


It was thought that the only major variable likely to affect the result 
was the time of day at which each subject was tested on the two occasions. 
To eliminate this variable it was decided to correlate the scores of those 
subjects for whom the time of testing on the two occasions did not differ 


by more than one hour. 
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CORRELATION TEST I wiTH TEST II; TIME HELD CONSTANT 


r= +0-83 (27 subjects) 
(P = <0-001; both regressions linear) 


These correlations indicate that the EOG potential is relatively stable 
over long periods of time, supporting the work of Fenn and Hursh (1937). 
This does not necessarily disprove the results of those workers who have 
found significant changes for subjects on successive testings; it seems evident 
from some more recent studies by the present authors (Davis and Shackel, 
1959), that the potential maintains a steady mean level, but that there are 
marked, short-term fluctuations around this level. The size of the present 
population sample reveals the general tendency for constancy of potential 
level despite the individual variations. 


(2) The Effect of Electrode Position 

It is impossible for any experimenter to place electrodes at identical 
distances from each eye owing to anatomical differences and sighting errors, 
even when a locating jig is used. Various experimenters in this field have 
recorded widely different mean levels of potential, and it is probable that 
these differences are due to the positioning of the electrodes, i.e. the nearer 
the electrodes are to the outer canthus the greater will be the potential (e.g. 
Mackensen and Harder, 1954; Cohn, 1957). However, no results have been 
reported relating electrode distance to potential level by a precise function. 
The data from the tests reported here cannot provide this function; simul- 
taneous recording from several different electrode positions on the same 
subjects will be necessary. However, it was thought that a discrepancy 
between left and right potentials found in Ganges I, i.e. that the potential 
given by movement to the right was greater, might have been due to a 
difference in the distance of the left and right electrodes respectively from 
the eyes. To test this possibility the electrodes were placed “‘by eye” in this 
survey in exactly the same manner as in Ganges I, but the distance from the 
eye was measured with a perspex rule at the end of each test. 

It was found that the right electrodes were significantly nearer the right 
eye than were the left electrodes to the left eye (mean difference in distance 
Left to Right =0-13 in., significantly different from zero P= <0-001). How- 
ever, the significant difference between potentials for left and right eyeball 
rotations of 30°, which had been found in Ganges I, was not found in 
Ganges II, where the differences were evenly distributed about zero. This 
may be due to the fact that the positioning of the midline of the subject’s 
head, and of the electrodes, with regard to the target was not so carefully 
controlled in the first survey; the positioning there may have been slightly 
biassed to the left owing to the experimenter’s visual sighting errors. These 
errors would be greatly reduced in the second survey by the use of the siting 


Jig. 
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The standard deviation of the differences between potentials recorded for 
equal right and left excursions was calculated: 
S.D. R to L=9-7 pV 


From this standard deviation it is possible to determine the accuracy with 
which the potentials for either left or right excursions can be predicted from 
each other. In a normal distribution 95 per cent. of all measurements fall 
within +2 standard deviations, so that in predicting from left to right, or 
vice versa, 95 per cent. of the predictions will be within +19-4 wV. From 
the two surveys it is evident that for the average subject, with the electrode 
positions used, one degree of eye movement is equal to 19 nV; on average, 
therefore, 95 per cent. of the predictions from left to right or vice versa will 
be accurate within +1 degree. 

It is noteworthy, for the practical use of EOG as a recording technique 
for eye movements, that, even without using an electrode locating jig, and 
with quite a large average discrepancy (0-13 in.) between the distance of the 
left and right electrodes from the respective eyeballs, there is nevertheless 
no significant difference in a large sample of subjects between the potentials 
recorded for left and right eyeball displacements, and that for any individual 
the difference in potential has only a 5 per cent. chance of falsely indicating 
a discrepancy of more than one degree of eyeball rotation. Calibrating the 
record separately with left and right rotations will of course minimize this 
error considerably. 


(3) Vertical Movements 
Distribution of Potential Levels for 30° Vertical Rotation —The monocular 
EOG potential levels for 30° vertical rotation are shown in Fig. 3. 
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Fic. 3,—EOG potential levels for 30° vertical rotation with horizontal levels for comparison. 
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For comparison a histogram of the binocular potential levels for 30° 
lateral rotation is shown on the same figure; this latter histogram is sub- 
stantially the same as that reported for Ganges I. 





TABLE II The grand mean and standard 
GEERAL DISTRIBUTION (OF BOG deviation of the vertical potential 
° VERTICAL : 
EYEBALL ROTATION levels of all subjects are shown 
in Table II. 
» ERS Bars 371 pV 
ck? ace iver 99 nV 
eck ws a he 97 











Relation between Horizontal and Vertical Potential Levels —The correlation 
between horizontal and vertical potential levels for 30° eyeball rotation was 
calculated. Only 92 of the 97 subjects were used for this test; five subjects 
showed an “abnormal” effect, in that they produced a larger potential 
monocularly for the vertical movement than binocularly for the horizontal 
movement. At present no explanation is available; it is to be expected that 
the potential from two eyes in series would be greater than that from a 
single eye, but this apparently is not always the case. 


CORRELATION BETWEEN VERTICAL AND HORIZONTAL POTENTIAL LEVELS 
(r= +0-73 (92 “‘normal” subjects) 
(P= <0-001; both regressions linear) 


However, in spite of this high correlation, prediction from one plane to 
the other, by means of the regression equations, was found to have little 
practical significance because the standard errors of estimate were 60 nV 
from vertical to horizontal and 100 »V from horizontal to vertical. These 
large standard errors, together with the results of the five “abnormal” 
subjects, indicate that only a rough formula, of the type given in the next 
section, is warranted to make comparisons. The surprisingly large scatter 
of the data is presumably due to individual differences in anatomical structure 
and in tissue and bone conduction. 


Relation between Binocular and Monocular Potential Levels.—Miles (1939a) 
has deduced a formula relating monocular to binocular potential levels: 
L,+L 
yay 
L, and L, are leads from two single eyes, L; is the lead from two eyes in series. 
Using the mean of the potential levels, a formula of a similar nature was 
found from the present experiment: 


This formula is qualitatively similar to that of Miles, in that more voltage is 
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produced by two single eyes than by two eyes in series, but the quantity of 
the difference varies in the two formulae. This may well be due to the faci 
that the method used by Miles of measuring the monocular potential was of 
two leads across one eye in the horizontal plane, whereas the method used 
here was of two leads across one eye in the vertical plane. 


(4) Age, Height, and Weight Correlations 

Although only age had been found to be significantly related to potential 
level in the first survey, it was decided to test again for a relation between 
potential level and age, height, weight, temperature, and pulse, and also 
between potential levels, from both Ganges I and II, and changes in height 


and weight (Table III). 


TABLE III 
CLINICAL FEATURES 





Test Series Si im ios ee Ganges I Ganges II 





Age Ls SEP URE SG ie TON r= -0-33* r= -0-12 


Height .. ng f os ae = r=+0-14 
Change in Height es re es p= +0-12 p= -0°13 


r= +0-15 








Weight .. a 


Change in Weigh i x $i p= -0:07 p= +015 





Temperature... Kia “ie Se r= +0:24t 





r=+0-15 








Pulse ¥. * eo. s ee — 





* Significant at P= <0-01. t Significant at P= <0-05. 


The only significant correlation found in Ganges I (for age and EOG 
level), although still negative on Ganges II, has dropped to a non-significant 
level. This may be because the ten oldest subjects in the first survey 
were not available for the second survey, which gave a much reduced age 
range. A second explanation might be that bodily changes undergone 
during the pubertal years may affect the voltage; if this is so it could be postu- 
lated that over the 10 months between tests most of the boys had passed this 
critical stage, so that the effect of age on voltage was no longer obvious. 
Alternatively it is possible that the correlation of r= — 0-33 was an artifact, 
although significant at P=<0O-01. The only significant correlation in 
Ganges II with EOG potential level was that of temperature (r = +024). 

In general, temperature, pulse rate, age, and body surface area (related to 
weight and height) seem to be correlated with basal metabolic rate (Du 
Bois, 1936; Kleitman, 1939). It has been suggested that EOG is related to 
metabolic factors (Miles, 1939c; Kris, 1957). If this is so, a relationship 
would be expected between EOG and the measures correlated with basal 
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metabolic rate, but no clearcut relationship was found in this experiment. 
This may be due to the possible inadequacy of the measures taken as indi- 
cators of basal metabolic rate, and further experimentation is required to 
find out if in fact EOG is in any way related to metabolic processes. 


(5) Effect of Time of Day on Potential 


Kris (1957) has reported a diurnal rhythm in EOG potential, of a similar 
nature to the diurnal metabolic pattern, with a tendency to a peak at about 
3to4p.m. In order to find the effect of the time of day on EOG potential 
level it was decided to correlate the scores of both Ganges I and Ganges II 
with the times at which each test was made. The time range was divided - 
into hours so that all tests made within each hour were regarded as having 
been made at the same time. In order to test Kris’s hypothesis the ranges 
were then regrouped about a maximum at 3 to 4 p.m.; thus the potential 
levels of those tested between 2 to 3 p.m. and 4 to 5 p.m. formed one group, 
and the levels of those tested between 1 to 2 p.m. and 5 to 6 p.m. formed 
another group, and so on. The correlation coefficients between potential 
levels and both types of time grouping, hour by hour and about a 3 to 4 p.m. 
maximum, are given in Table IV. 


TABLE IV 
CORRELATION FOR GANGES I AND II OF POTENTIAL LEVELS WITH TIME 
OF TESTING 





Test Series Normal Time Range Time Range with Peak at 3-4 p.m. 





Ganges I Sie ag fi r= -—0-095 r= -0-2* 
Ganges II Bd: oe oS r= -0-43t r= -0-38f 














Regression of time on voltage is linear 


Regression of voltage on time is non-linear in all four cases. 


* Significant at P=0-05. Tt vine at P=0-01. 


The results shown in Table IV ate somewhat conflicting. If the times for 
Ganges I are grouped, the correlation becomes significant (increasing from 
-0:095 to -0-2). By grouping the times for Ganges II, the correlation is 
reduced from —0-43 to — 0-38, although this is still significant. It is possible 
that, in grouping, the range of the regression line has been reduced without 
a corresponding reduction in the scatter, thereby obscuring the result which 
would be expected if the hypothesis of grouping of times is correct. 

It should be noted that all the correlations obtained are negative, which is 
the converse of the result expected on the basis of Kris’s work. 

Recent work by the present authors (Davis and Shackel, 1959) seems to 
indicate that there is no general diurnal pattern for EOG fluctuations, but 
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that there may perhaps be several different types of pattern. This possi- 
bility would explain the conflicting results of Table IV and the increase in 
correlation between Ganges I and II when the time of testing was held cons- 
tant, and also might explain the divergent results found by different workers 
with regard to stability of EOG. 


Summary 

A survey was carried out on the EOG potential levels of 97 boys from 
H.M.S. Ganges, who had been tested 10 months previously. It was found 
that there was a correlation of r= +0-66 between the levels of the subjects 
on the two occasions, indicating that the EOG potential has a long-term 
stability. 

When the data were selected from subjects tested at the same time of day 
on the two occasions, the correlation increased to r= +0-83. However, 
no clearcut correlation was found between actual times of testing and 
potential levels, giving conflicting evidence as to the effect of time on 
EOG potential level. 

It was found that, although the right electrode was on average nearer the 
right eye by 0-13 in. than was the left electrode to the left eye, the potentials 
recorded for left and right eye rotations did not differ, in 95 per cent. of the 
cases, by more than the equivalent of one degree of rotation. Even this 


discrepancy can of course be corrected by calibrating left and right rotations 
separately. 


A general distribution was found for vertical movement potentials and the 
relation between vertical and horizontal movements was determined. An 
approximate formula was evolved for the relation of monocular vertical to 


binocular horizontal levels of EOG. 


As with the previous study, this survey would have been impossible without the extensive 
assistance of the Officers and! Ratings at H.M.S. Ganges, for which we are most grateful. We 


also thank the Directors of E.M.I. Electronics Ltd. for continued support in this work. 
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GONIO-VESSELS IN NORMAL AND ABNORMAL EYES* 


BY 


SAKTIDAS CHATTERJEE 
Manchester Royal Eye Hospital 


SINCE the invention of the gonioscope in the early 20th century gonio- 
vessels have been noted and reported by several authors, but no detailed 


analysis of them is available. Duke-Elder and Goldsmith (1951) described 
“fine vessels coursing underneath the surface of the ciliary band” in blue- 
eyed persons; and Sugar (1943) noted, again in blue eyes, delicate blood 
vessels among iris processes. These vessels are commonly noticed during 
routine gonioscopic examination in patients in our glaucoma clinic. 


An attempt is made in the present paper to classify gonio-vessels and 
assess their incidence in both normal and abnormal eyes. 


Present Investigation 


For the purpose of this study 100 normal and 111 abnormal eyes were 
examined gonioscopically in detail. Special attention was paid to the 
nature and distribution of these vessels and also to the presence or absence 
of any abnormality at the angle. Goldmann’s flangeless gonioscopy lens 


was used in conjunction with the Haag-Streit slit lamp, the high magni- 
fication being preferred. Difficulty was experienced in examining the angle 
at the sides even with the use of the deflecting prism. 

All 211 eyes had medium or wide angles. 


The 111 abnormal eyes may be classified as follows: 


(i) Fifty had iridocyclitis; acute cases were not included as the hazy media 
made detailed examination impossible. 


(ii) 25 had open-angle glaucoma. 
(iii) 25 had senile cataracts. 

(iv) Four had thrombotic glaucoma. 

(v) Four had diabetic retinopathy. 

(vi) Two had iris root tumours. 
(vii) One had an obstruction of a peripheral branch of the central retinal vein. 





* Received for publication May 5, 1959, 
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Of the total of 211 eyes, 26 had a brown iris and the remaining 185 (88 
per cent.) had a blue iris; all the patients were fair-skinned. 


Results 
(A) Gonio-vessels in Normal Eyes 


Four types of vessels were found (Figure). The incidence of each type is 
shown in the Table (opposite). 


Iris root 
vessel 


TYPE | 
RADIAL 
CILIARY 
VESSEL 
"4 VASCULAR 
PERIPHERAL 
PILLAR 
SYNECHIA 


Bunch vessels ’ ; Blood in canal 
% of Schlemm 


Circular 
ciliary vessel 


RUBEOSIS 
IRIDIS 


FicureE.—Diagram showing various types of normal and abnormal 
gonio-vessels. 


(1) Circular Ciliary Vessel_—This is the commonest type (65 per cent., 
i.e. 65 of 100 normal eyes). It appears to be a single wavy trunk, bright pink 
in colour, running in the ciliary band of the angle; it is thus circular in its 
course, concentric with the pupil. It is strictly limited by the borders of the 
ciliary band, but disappears at places into the ciliary body, and may there- 
fore be visible in one or several positions. Branches were seen in two eyes 
only; they came off at right angles to the main trunk and disappeared either 
into the iris or into the sclero-corneal trabeculae (trabecular band). 


(2) Radial Iris Root Vessels.—These were seen only in blue eyes. They 
appeared as thin, red, solitary streaks radiating towards the pupil from the 
ciliary end of the iris root. They were short, soon disappearing into the 
iris stroma. They always had a whitish border on each side. Sometimes 
such a vessel was found jutting into the ciliary band, but a careful observation 
always revealed a hump of the root of the iris in which it was placed. The 
greatest number seen in one eye was ten. These vessels were found in 
only twelve out of 100 normal eyes. They differed from the vessels seen in 
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TABLE 
INCIDENCE OF GONIO-VESSELS 





Normal Abnormal 





é Radial Ciliary 
Gonio-vessels : Rube- 
osis 
Type 1| Type 2} Iridis 

















Iridocyclitis 
Wide-angle 
glaucoma 


Diabetic 
retinopathy 


Thrombotic 
glaucoma 























Obstruction 
of a branch of 
the central 
retinal vein 








Senile 
cataract 











Tris root 
tumour 0 


No 15 
Total — 
Per cent. 13-5 















































tubeosis irides in that they were not branched or irregular but strictly radial 
and did not appear to be new vessels. 


(3) Blood in the Canal of Schlenmm.—This appeared as a flat red band of 
variable width running along the trabecular band. It did not extend on to 
the ciliary band. In some cases it could be traced all around but usually 
appeared in segments. It was not always seen immediately after applying 
the gonioscopy lens, but blood tended to appear in the canal on prolonged 
manipulation with the instrument. The number of eyes showing this 
phenomenon was not recorded. 


(4) Bunch Vessels.—In two cases a peculiar bunch of tiny vessels was noted 
near the sclero-corneal trabeculae. In one case this was placed at the 
anterior boder of the trabeculae and in the other it showed extension into 
the trabecula towards the canal of Schlemm. 
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(B) Gonio-Vessels in Abnormal Eyes 


Except for bunch vessels all the normal types of vessels were also seen in 
abnormal eyes. In addition other types of vessels were noted which were 
not seen in normal eyes. These are shown in the Figure. Their incidence 
is shown in the Table. 


(1) Radial Ciliary Vessels—These were found mostly in iridocyclitis, 
being present in only one case without iritis. They appeared as tiny red 
vessels running radially across the surface of the ciliary band, ending sharply 
at the iris root so that they could not be traced into the iris. Anteriorly 
they ended at variable levels in the ciliary band area or in the trabecular band 
area. 

Two types of such vessels were noted; the first was characterized by being 
solitary and strictly radial, and the second was generally radial but with 
irregular branching and anastomosis. Neither type extended beyond the 
limits above mentioned. 

Eleven out of fifty eyes with iridocyclitis showed Type 1 vessels and five 
showed Type 2 vessels. The one eye without iritis in which a Type | vessel 
was seen showed an occlusion of a peripheral branch of the retinal vein, the 
remainder of the eye being normal. 


(2) Rubeosis Iridis.—In this condition delicate new vessels are formed on 
the surface of the iris. They are irregularly distributed with branches and 
anastomoses. When they extend on to the iris root they are seen by the 
gonioscope as new vessels on the iris root. 

Two of the four eyes with thrombotic glaucoma and two of the four eyes 
with diabetic retinopathy showed rubeosis iridis extending to the root of the 
iris, but in none did the vessels extend further into the angle. 


(3) Vascular Synechiae.and Tumours at the Angle.—Although peripheral 
anterior synechiae were seen in many cases of old iridocyclitis, only a few 
were vascularized. These synechiae were obvious strands of iris root adhe- 
sions to the trabecular band or neighbouring cornea. New vessels in them 
appeared to arise from the iris root and to branch over the adhesion areas 
of the two structures. 

Such peripheral vascular synechiae may be rather extensive in areas of 
thrombotic glaucoma. Two of four cases of thrombotic glaucoma showed 
these wide adhesions apart from the rubeosis iridis. 

The two eyes with an iris root tumour showed a large wavy vessel at the 
angle, one end connected to the tumour while the other disappeared beyond 
the root of the iris. 
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Discussion 


Histological examination of the meshwork at the angle of the anterior 
chamber did not show any blood vessel (Ashton, Brini, and Smith, 1956; 
Flocks, 1956). Therefore the circular ciliary vessel that is seen in normal 
eyes must lie in the ciliary body, but it is placed so superficially as to be seen 
through the transparent meshwork. Obviously it will be seen better in 
non-pigmented than in pigmented eyes, although in the present series the 
circular ciliary vessel was noted in four out of 26 brown eyes. 


Radial iris root vessels appear to be superficially placed normal iris 
vessels and are more often seen when dilated as in cases of iritis (Gorin and 
Posner, 1957). 


Bunch vessels are relatively rare. They appear to consist of a collection 
of small vessels possibly associated with the canal of Schlemm. 


The mechanism of thrombotic glaucoma from the production of vascular 
peripheral synechiae has been beautifully described by Redmond Smith 
(1955), according to whom a network of new vessels appears in the angle 
and is followed by extensive peripheral synechiae. This appears to be a 
different condition, not connected with the rubeosis iridis. The latter 
condition can however extend into the angle in some cases of diabetes 
= 1940), where it shows obvious connections with the rubeosis 
itself. 


Radial ciliary Type 2 vessels are thin and look like new vessels, and are 
only seen in iridocyclitis. They are different from the above in that they are 
not associated with any synechia, obstruction of retinal vein or rubeosis 
iridis. 

Radial ciliary Type 1 vessels, on the other hand, do not look like new 
vessels as they are too stout and too straight. This condition is seen more 
often in eyes with active or old iridocyclitis but not associated with peripheral 
synechiae. From the description of four cases of bilateral heterochromic 
cyclitis given by Francois and Beheyt (1955), it appears that these authors 
observed similar types of vessels which were described as tiny radial horizon- 
tal vessels at the angle. Franceschetti (1955) also noted tiny vessels at the 
angle in five out of sixteen cases of heterochromic cyclitis. 


The significance of either type of radial ciliary vessel is however uncertain. 
The vascular peripheral synechia formed in iridocyclitis is well known 
(Sugar, 1943; Ferguson, 1956) and needs no explanation. 


Troncoso (1947) noted new vessels at the anterior angle chamber which 
were feeding an iris root tumour. These do not however help in detecting 
the origin of the tumour as the origin of the vessels themselves is not 
obvious. 








SAKTIDAS CHATTERJEE 
Summary 


100 normal and 111 abnormal eyes were examined gonioscopically to 
study the nature and distribution of gonio-vessels. These vessels have beei 
classified as follows: 

(A) Normal gonio-vessels 

(i) Circular ciliary vessel 

(ii) Iris root vessel 
(iii) Blood in the canal of Schlemm 
(iv) Bunch vessel 


(B) Abnormal gonio-vessels 
(i) Radial ciliary vessels 
(a) Type 1, solitary 
(b) Type 2, branching anastomosing 
(ii) Rubeosis iridis 
(iii) Vascular synechiae and tumours at the angle. 


The literature on this subject and the nature of these vessels are discussed. 
The significance of the radial ciliary vessels is not known. 


I wish to thank Mr. P. L. Blaxter and Dr. A. Stanworth for their help and encouragement 
in writing this paper. Iam also grateful to Miss E. Brown for secretarial help. 
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SEVERE OPHTHALMOLOGIC COMPLICATIONS 
FOLLOWING FAVISM* 


BY 


C. CHOREMIS, T. JOANNIDES anv B. KYRIAKIDES 
From the Paediatric Clinic the University of Athens 


FAVISM is not uncommon in Greece and every spring quite a few children 
suffering from variable degrees of acute haemolytic anaemia due to the 
ingestion of broad beans are admitted to our department. 

We have recently had the opportunity to hospitalize two such patients 
who developed serious ophthalmic complications. Since such complications 
were encountered for the first time and no relative information was found in 
the literature we thought it worthwhile to record our experience. 


Case Reports 


Case 1, a boy aged 3, developed malaise, vomiting, haemoglobinuria, and jaundice on 
April 27, 1958. He had eaten broad beans the previous day. 

On admission on April 28, he was in coma (not responding to light), and deeply 
jaundiced. The body temperature was 39-6° C., respiration 60/min., pulse 180/min., and 
blood pressure 75/45 mm. Hg. His lower limbs were spastic and an extensor plantar 
reflex was easily elicited bilaterally. The liver and spleen were palpated 3 cm. 
below the costochondral margins. His urine was red and contained large amounts of 
haemoglobin. 

The patient was immediately given a transfusion of 150 ml. whole blood and during 
the ensuing 24 hrs he received a total of 1,000 ml. whole blood plus 500 ml. of equal 
amounts of saline and glycose 5 per cent. He was also given prednisone 5 mg., penicillin 
200,000 units 6-hrly, and aspirin. 


Laboratory Findings (April 29).—Haemoglobin 6 g. per cent., red cell count 2,300,000 cu. mm.; 
bilirubin 5-8 mg. per cent. (indirect 2 mg. per cent.), blood urea 66 mg. per cent., CO2 combining 
power 20:3 mEq/I., Na 148 mEq/1., and K 3-98 mEq/1. 


For the next 3 days the patient was given daily transfusions of 150 ml. whole blood, 
the diuresis gradually became normal, and the urine cleared completely. He was still 
in coma, and an electro-encephalogram showed irregular slow waves in all leads. 

On May 1 he suddenly developed widespread ecchymoses on the buttocks and legs, and 
vomited ‘‘coffee-ground” material. Several times, the blood pressure was 85/45 mm. Hg 
and the general condition deteriorated. 


Laboratory Findings Haemoglobin 5:35 g. per cent., white blood cell count 26,000 cu. mm. 
(polymorphonuclears 74 per cent., lymphocytes 24 per cent., mononuclears 2 per cent.), platelets 
26,000 cu. mm., bleeding time 8 min., clotting time within normal limits. 





* Received for publication July 27, 1959. 
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During the next few days he came gradually out of the coma, the haemoglobin rose to 
8 g. per cent. and the platelets to 60,000 cu. mm. New ecchymoses did not appear and 
the general condition improved considerably, but he was completely blind. 

On May 15, 1958, the blood count was normal. Platelets 300,000 cu.mm. Myelogram 
normal. The patient was receiving large doses of calcium and vitamins C, K, B, and B,. 


Ophthalmological Examinations.—On May 1, 1958, the third day in hospital, the pupils 
were mydriatic and did not respond to light. Vitreous body clear. In the fundus the 
discs were prominent with slightly blurred margins, and distended and tortuous veins. 
There were widespread retinal and pre-retinal haemorrhages mainly in the posterior pole. 

On May 8, 1958, the pupils were still mydriatic, and did not respond to light. The 
fundi could not be seen because of infiltration of the hyaloid body with blood. The patient 
was quite blind. 

On May 15 there was no significant change, but the eyes were now able to distinguish 
light from darkness. 

On May 29, 1958, the fundi were still not visible, although there was some clearing of 
the vitreous body. Ophthalmological examination every 15 days until the patient’s 
discharge from hospital on August 22 revealed organization of the haemorrhages and only 
minimal clearing of the vitreous body. 


Case 2, a boy aged 6, was admitted to hospital on April 25, 1958, because of sudden 
onset of blindness. He had had an acute attack of favism 10 days earlier for which he 
had been hospitalized elsewhere, and had rapidly improved so that he had been dis- 
charged on April 21 without receiving any treatment. Two days later he complained of 
partial loss of sight which rapidly became almost total. 

On admission the results of the clinical examination and of the laboratory investiga- 
tions were essentially normal. 


Ophthalmological Examination.—The pupils were moderately enlarged, and responded 
only very slightly to light. The discs were rather prominent with blurred margins; the 
retinal vessels, particularly the arteries, were constricted; a few scattered haemorrhages in 
the proximity of the discs were also present. The visual acuity was hand movements. 

On May 8, 1958, the discs were pale with persisting blurring of the margins. The 
narrowing of the arteries was still present, but the haemorrhages round the discs were 
almost completely absorbed. Visual acuity was counting fingers. 

On May 15, 1958, the discs were pale with the margins better defined. The arteries 
were narrow but the haemorrhages were completely absorbed. The visual acuity was 
counting fingers at 1 metre. 

On May 22, 1958, there was no change. 

On June 6, 1958, the discs were very pale but with well-defined margins. The retinal 
vessels were still narrow. The visual acuity was 1/10 in the right eye and 1/20 in the left. 
The visual fields were difficult to examine because of the patient’s age, but central scoto- 
mata were observed and peripheral loss, particularly downwards. The patient was 
discharged from hospital on June 25, 1958, and has not been seen since. 


Discussion 
Although both patients showed severe ophthalmological complications 
after an acute attack of favism, only one developed generalized haemor- 
rhagic phenomena simultaneously. It therefore appears reasonable to 
assume that the mechanism responsible for the ocular complications was 
different in each case. 
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Case 1.—Drinker and Brittingham (1919) described a patient who de- 
veloped a haemorrhagic syndrome following a large transfusion of incom- 
patible blood. Krevans, Jackson, Conley, and Hartmann (1957) reported 
two similar cases in which hypofibrinogenaemia, hypoprothrombinaemia, 
and thrombocytopenia were observed ; there was no evidence of increased 
fibrinolytic activity and in one patient accelerin activity was reduced. 

Disturbances of blood coagulation resulting in haemorrhagic phenomena 
were also described by Crosby and Stefanini (1952) in patients with paroxys- 
mal nocturnal haemoglobinuria following plasma transfusions. 

All these authors consider that an intravascular coagulation, presumably 
initiated by the thromboplastin-like activity of the haemolysedc red blood 
cells, is the most likely explanation for the haemorrhagic diathesis. Such a 
concept appears to apply to our first patient, who developed an acute 
haemorrhagic state with prolonged bleeding time and thrombocytopenia 
following an extensive haemolysis due to favism. The possibility that the 
patient was transfused with incompatible blood can be ruled out. The re- 
tinal and pre-retinal extravasation which occurred might be easily attributed 
to the generalized haemorrhagic state. Similar retinal haemorrhages have 
been also described in idiopathic thrombocytopenic purpura. 

If the haemorrhages are restricted to the retina, the prognosis is usually 
good because they may be absorbed without causing any permanent damage. 
However, when the haemorrhages into the hyaloid body are extensive and 
diffuse, the prognosis is poor, because of the ensuing organization which 
eventually leads to retinal detachment. 


Case 2.—The pathogenesis of the ophthalmological findings in the second 
patient (oedema and blurred margins of the discs as well as constriction of 
the retinal vessels with small haemorrhages), is obscure. To the best of our 
knowledge no such ocular findings associated with favism or any other acute 
haemolytic syndrome have been reported in the literature. The blurring of 
the disc margins, slight papilloedema, narrowing of the retinal arteries, and 
small haemorrhages round the discs as well as the later changes (secondary 
optic nerve atrophy, marked narrowing of the arteries; disturbances of the 
visual fields), and the sudden bilateral loss of vision 7 days after an acute 
haemolytic syndrome, resemble the clinical picture sometimes observed 
after acute haemorrhage. 

Haemorrhages from the gastro-intestinal tract or uterus may be followed 
by severe visual disturbances and occasionally by blindness (Pincus, 1919; 
Terrien, 1921; Barr, 1934; Traquair, 1938; Bamford and Barber, 1940; 
Unger, 1955); these complications usually appear 3 to 7 days after the onset 
of haemorrhage and may progress to complete blindness within a few hours. 
The fundus appearances are similar to those observed in our case. The 
prognosis is usually poor, 50 per cent. of the cases never improving and only 
10 per cent. recovering completely. 














356 C. CHOREMIS, T. JOANNIDES AND B. KYRIAKIDES 


The pathogenesis of these post-haemorrhagic complications is not known. 
Many authors consider anaemia to be the main factor, while others believe 
that some other systemic factor is essential for these changes to develop. 

In our cases the anaemia following an episode of acute haemolysis may be 
regarded as similar to post-haemorrhagic anaemia, and this (together with a 
toxic factor, possibly that responsible for the haemolysis) may have caused 
the severe ocular involvement. 


Summary 


Severe ophthalmological complications followed an attack of favism in 


two children. 

The visual loss in the first patient is attributed to a generalized haemor- 
rhagic diathesis. The visual disturbances in the second patient are considered 
to be similar to those which may follow a severe haemorrhage. 
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SURGICAL RESULTS IN ACUTE GLAUCOMA* 
BY 
P. A. GRAHAM nb P. R. STEVENS 


Department of Ophthalmology, University of Manchester 


A REVIEW Of the literature of the past 10 years shows little published work on 
the results of surgery in acute closed-angle glaucoma. Thisis rather surprising 
in view of the wider use of the classification into simple glaucoma and closed- 
angle glaucoma (see, for example, Duke-Elder, 1955) and the better under- 
standing of some of the mechanisms involved in the latter type. This has 
led to the use of peripheral iridectomy and to a change in the criteria for 
filtration operations. During this period Diamox (acetazoleamide) has also 
become available. 

McDonald (1956) published an interesting series of 58 consecutive cases of 
iridectomy for closed-angle glaucoma, and the incidence and causes of post- 
operative iritis in glaucoma surgery were reviewed by Kalt, Decaudin, and 
Krajevitch (1954). Mackie and Rubinstein (1954) reported the results of 
iridencleisisin “‘ unrelieved”’ acute closed-angle glaucoma. Inallthese papers, 
however, the material either included types other than the acute phase of 
closed-angle glaucoma or consisted of selected cases. It seemed worthwhile 
therefore to analyse the case records of a consecutive series of patients who 
were admitted to this University Unit with a diagnosis of acute “‘congestive”’ 
glaucoma and were followed up in the Glaucoma Clinic. 


Material 


156 cases diagnosed as acute “congestive” glaucoma were admitted to the Uni- 
versity Department at Manchester Royal Eye Hospital during the period 1954-1957 
inclusive. Each patient was treated initially as a case of acute closed-angle glau- 
coma, although this diagnosis was not always correct. The patients fall into three 
groups according to the type and duration of the pre-operative hospital treatment 
that they received. The groups are approximately equal in size: 


(1) The earliest group is composed of patients who were treated by intensive eserine 


therapy followed wherever possible by operation on the following day. The decision 
as to the type of operation was based entirely on a history of previous congestive 


attacks, and the state of the optic disc, where visible. 

(2) An intermediate group is transitional in nature and comprises patients in whom 
Diamox was added to supplement the miotic therapy and who were operated upon 
at no fixed interval after commencing treatment. 


(3) The latest group comprises patients in whom intensive miotic therapy and Diamox 
were followed wherever possible by minimum miotic therapy, with or without 





* Received for publication June 6, 1959. 





P. A. GRAHAM AND P. R. STEVENS 


Diamox, until the eye had recovered fully from the congestive attack and investi- 
gation, with particular reference to the state of the angle, had been carried out. 


These three groups are likely to differ substantially only in the nature and duration 
of pre-operative hospital treatment. No attempt has been made to take into 
account the total duration of the attack, but other published series (Lloyd, 1948; 
McDonald, 1956) have suggested that this has little influence on the outcome. 

The result of each case was assessed at approximately 6 months after the oper- 
ation. The criteria used in this assessment led to the following cases being 
classed as unsuccessful: 

(1) Those in whom either an ocular tension above normal was recorded, or in whom 

further congestive attacks had occurred at any time during the 6 months. 

(2) Those in whom the visual field showed undoubted deterioration from the pre- 

operative or first available post-operative record. 

(3) Those in whom post-operative uveitis led to a reduction in visual acuity below 6/12 

(corrected). 


It is debatable whether cases in which lens opacities of senile type developed or 
increased rapidly after glaucoma surgery should be regarded as failures of the 
operation. In this series such cases are not so regarded. 


Results 

Using the above criteria we were able to assess the result in 140 out of the 
156 cases. Sixteen could not be assessed because the patient had either died 
or could not be traced. Further, this series of 140 patients includes seven 
(5 per cent.) who had a definite uveitis before operation. In comparing the 
results of the different treatments, these seven cases have been omitted as in- 
correctly diagnosed on admission; one patient who had a cyclodiathermy for 
an absolute glaucoma has also been omitted. 96 cases (73 per cent.) out of 
the remaining total of 132 were classed as successful. 

During the period covered by the survey the proportion of successful cases 
of true closed-angle glaucoma has increased. Table I compares the first 
fifty consecutive cases in whom the results are known with the last fifty cases. 


TABLE I 
RESULTS OF FIRST AND LAST FIFTY CASES 





Success 
Result Failure 


No. | Per cent. 
31 62 19 
43 86 7 
74 














First fifty cases 





Last fifty cases 





Total 














(x2-629 0-01 <P<0-02) 
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This is almost equivalent to comparing the first with the last group described 
above, omitting the transitional group. The Table shows that there has been 
a significant increase in the proportion. of successful cases. 


Discussion 
During the period covered by the survey the treatment of acute closed-angle 


glaucoma has been considerably modified and the results have improved. It 
is necessary to assess the contribution to this improvement made by: 


(i) The use of Diamox; 
(ii) The effect of delaying operation; 


(iii) The effect of more careful selection of patients for iridectomy as 
opposed to filtration. 


This series cannot be regarded as a controlled statistical sample, as it com- 
prises a consecutive series of routine admissions to the Glaucoma Clinic 
during a period when the approach to treatment was changing. Thus, minute 
statistical analysis is likely to be unrewarding and unreliable. It should be 
pointed out that in all the succeeding comparisons the results are not “‘stat- 
istically significant”. Nevertheless it is felt that the overall picture is 
sufficient to form a basis for argument. 

Table II indicates that there are proportionately fewer failures among 
Diamox-treated patients, whether operated upon early (Groups A and C) or 
late(Groups Band D). The highest proportion of successful cases occurs in 
Group D, which comprises those patients in whom operation was delayed 
until after the eye had recovered from the congestive attack, and where more 
careful investigation was carried out. Finally, if Group A is compared with 
Group D, then the combined effect of all three changes in pre-operative 


TABLE II 
RESULTS IN RELATION TO TYPE AND DURATION OF TREATMENT 





Result 
Pre-operative 
Hospital 
Treatment 





Time of Operation Success 





Failure 
No. Per cent. 





Eserine 


Early (within 48 hrs) 


26 


65 


14 





Eserine 


Late 


5 


63 


3 





Eserine and Diamox 


Early 


29 


69 


13 








Eserine and Diamox 





Late 





36 


86 


6 





Total 


96 








36 
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management is associated with an increase in the proportion of successfu! 
cases from 65 to 86 per cent. The figures indicate that it is probably advisable 
to delay operation in acute closed-angle glaucoma for at least 48 hours if 
possible, provided that the time gained by the use of Diamox is employed in 
amore thorough survey of each case. A rather similar approach is advocated 
by Malbran and Malbran (1959). 

Table III shows the indications which were adopted for the filtrations 
carried out in this series. In the “early” group the indications for filtration 
were either a history of previous congestive attacks, or the discovery of a 
cupped disc. Three cases with cupping in this group were treated by early 
iridectomy, presumably because the condition of the eye did not permit 
accurate diagnosis. Conversely, pre-operative investigation in the “late” 
group resulted in the discovery of seven cases with cupped discs and field de- 
fect. In the “late” group less emphasis has been placed upon the history of 
previous attacks, and more upon objective clinical findings. Cases which 
failed to settle were treated by filtration as it was felt that a broad iridectomy 
was less likely to control the tension (Mackie and Rubinstein, 1954). The 
state of the filtration angle appears as a reason for filtration only in the “late” 
group, for although gonioscopy was employed in the investigation of some 
patients in the earlier part of the series, less weight was put upon the findings. 
It is reasonable to suppose that useful information will be obtained more often 
if gonioscopy is carried out after the acute episode has been allowed to sub- 
side. These considerations support the supposition that the more leisurely 
approach facilitated by Diamox leads to better diagnosis. 




















TABLE III 
INDICATIONS FOR FILTRATION OPERATION* 
Time of Operation | Early Late 
History | 21 8 
PRMNNIO RN i ep i 0 5 
Cupped Disc or Field Defect .: ps eae 4 7 a 
(all cupping) 

State of Filtration Angle .. as ne “et . 0 9 

Total 25 29 a 











* Including five patients in whom the final result is not known, and excluding one patient in 
whom the reasons for filtration are not clear from the records. 


If the combined results of broad and peripheral iridectomy, on the one hand 
are compared with iridencleisis and Elliot trephine on the other, it is found 
that filtration operations show a higher proportion of successes than iridec- 
tomies. The comparison is invalid, however, as this grouping is highly 
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selective and gives no indication of the relative merits of the two types of 
operation, independently of the criteria used in assessing the cases. No 
attempt has been made to compare trephine and inclusion operations as the 
numbers involved are too small. Peripheral and broad iridectomy are not 
compared owing to the small number of peripheral iridectomies, which were 
only introduced in this Clinic toward the end of the series. The need for 
careful selection would be greater if the latter were the standard iridectomy 
in use. 


Causes of Failure.—It is interesting to survey the primary causes of failure of 
the initial operation (Table IV). The most obvious feature is the higher in- 
cidence of hyphaema followed by raised tension in the early group. This is 
in accordance with what one might expect after operating upon a congested 
eye, though in this set of figures the difference could have arisen by chance. 


TABLE IV 
PRIMARY CAUSES OF FAILURE OF INITIAL OPERATION 





Time of Operation Early Late 
Total 





Proce dure Iridectomy | Filtration | Iridectomy | Filtration 


Hyphaema 5 0 1 0 6 
followed by raised 
ocular tension 


Raised ocular 8 3 0 3 14 
tension 














Cause | Post-operative 5 3 3 1 12 
of uveitis resulting 
Failure} in low visual 
acuity or raised 
ocular tension 


Cupping and/or 4 0 0 0 4 
field loss after 
iridectomy 


Total 22 of 59 6 of 23 4 of 23 4 of 27 36 of 132 





























It should be appreciated that these figures give the results of the first oper- 
ation only or the result at6 months. The results have also been surveyed to 
the time of writing. Little change in the proportion of successful cases was 
found. Those in whom a raised tension at or after 6 months was controlled 
by further operation are off-set by an almost equal number whose condition 
deteriorated. It must be realized, however, that such a comparison is of 
little value as the period of follow-up varies from 6 months to over 4 years. 
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Summary 


A review of 156 consecutive cases initially diagnosed as acute closed-angle 

glaucoma reveals: 

(1) That, during the period 1954-1957, the proportion of successful cases 

* increased significantly. 

(2) That this improvement appeared to be the result of the combined effect 
of delaying operation until after the second day wherever possible and 
of using more logical criteria in deciding upon the type of operation. 

(3) That this end can be better achieved in most cases by employing Diamox 
and minimum miotic therapy until the eye has settled from the acute 
episode and thorough investigation is possible. 

(4) In this survey it is impossible to compare the results of filtration with 
those of iridectomy independent of the method of selection. The 
criteria for deciding which procedure to employ have changed during 
the 4-year period of this survey, but more information is still required 
before cases suitable for iridectomy can be selected with confidence. 


(5) That 5 per cent. of cases initially diagnosed as acute closed-angle 
glaucoma were in fact secondary. tl 
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METABOLISM OF THE DEVELOPING RETINA* 


Ill. RESPIRATION IN THE DEVELOPING NORMAL RAT RETINA AND 
THE EFFECT OF AN INHERITED DEGENERATION OF THE 
RETINAL NEURO-EPITHELIUM 


BY 


CLIVE GRAYMORE 
Department of Pathology, Institute of Ophthalmology, University of London 


Previous studies in this laboratory have established that the glycolytic 
activity of the rat retina is doubled between the 10th and 14th days of life. 
Elimination of the possibility that light stimulation per se is a causative factor, 
combined with histological considerations, led to the speculation that this 
sudden increase might be attributed to the differentiation of the visual cells 
(Graymore, 1958a; 1959). 

Considerable support for this hypothesis was gained from the observation 
that subsequent loss of the visual cells, whether chemically induced or as a 
result of hereditary degeneration, resulted in a reversion of the glycolytic 
activity to that of the immature tissue (Graymore and Tansley, 1959a,b; 
Graymore, Tansley, and Kerly, 1959). 

Comparative estimations of anaerobic and aerobic lactic acid accumulation 
prompted the suggestion that respiratory activity might well show a corre- 
sponding increase at this time of visual cell differentiation, and the purpose 
of the present communication is to describe experiments designed to test 
this hypothesis. Corresponding studies on the rat with retinitis pigmentosa 
are described, and the implications of these findings are discussed in relation 
to the role of the visual cell in retinal metabolism. 


Methods 
Animals.—The normal animals used in this investigation were albino rats of either 


“Sex, aged between 6 days and 3-4 months. Animals having the hereditary 


degeneration were albino and black-and-white rats of either sex, aged between 
11 days and 3-4 months, all of which were bred from the original stock used by 
Bourne, Campbell, and Tansley (1938). All animals were fed ad lib. a diet used 
routinely in this laboratory (Bruce and Parkes, Diet 41, 1946). 


Respiratory Activity—The procedure for the isolation of the retinae was the same 
as that described previously (Graymore, 1958b). Oxygen uptake was determined 
manometrically by the indirect method of Warburg (1924), the incubating medium 
being Krebs-Ringer bicarbonate fortified with 200 mg. per cent. sodium pyruvate, 
and the gas phase being 5 per cent. CO,-95 per cent. O02. The buffer was gassed 
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continuously whilst the retinae were being isolated and for a further 15 min. after 
the flasks had been attached to the manometers. Initial readings were taken 
after a 10-min. equilibration period, and subsequent readings were taken over a 
period of one hr, the flasks being shaken at a rate of 90/min. and the temperature 
being maintained at 37°C. Two flasks were employed for each single estimation, 
one of which contained twice as much buffer and tissue as the other. A total of 
six to eight retinae was required for each determination in the case of the mature 
animals and as many as twelve to sixteen in the case of the very young animals. 
The final result was expressed as the volume of oxygen in microlitres taken up by 
1 mg. tissue protein in 1 hr (qO,(pr)). Tissue protein was determined by the 
micro-Kjeldahl procedure. 


Anaerobic Glycolytic Activity——This was determined as described previously 
(Graymore, 1959), and is expressed as lactic acid production in terms of an equi- 
valent volume of CO, which would be liberated from the bicarbonate buffer by 
that quantity of acid. The final result is expressed as the volume of gas in micro- 


litres liberated in 1 hr by 1 mg. tissue protein. (ade). 


Results 


Fig. 1 shows the respiratory activity of the rat retina from 5 days after 
birth until 3 to 4 months of age. It was explained in the methods section 
that a relatively large number of animals was required for each determination, 
so that, although a total of 82 animals was used, each point on the graph 
(with the exception of the last) represents a single result. The last point is 
the mean of eight results. Because of this the changes are not so precise as 
those seen in glycolysis, but nevertheless the general pattern is the same. The 
respiratory activity is almost doubled between 9 days (10-4) and 16 days 
(19-9), the final mature value being 26-3 + 1-5. 


+ 


qO2(pr) 





i i 


20 30 
_ AGE (pays) 





Fic. 1.—Respiratory activity of normal rat retina during development. 
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The corresponding graph for retinae removed from rats with retinitis pig- 
mentosa is shown in Fig. 2. Between ninety and one hundred rats were 
required for these determinations, and as before each point represents a single 
result with the exception of the last which is the mean of six results. Between 
11 and 18 days the respiratory activity increases from 8-8 to 21:2. This level 
fluctuates but is maintained roughly until the 35th day, after which it falls 
precipitously to 12-2 by the 40th day. The mature value is 9-2+1-6. 


qO2(pr) 


1 A 4 a i 5 ————— | 
10 20 30 40 5O 60 3-4 MONTHS 


AGE = ( DAYS) 








Fic. 2.—Respiratory activity of retinae from retinitis pigmentosa rats during development. 


The Table shows the anaerobic glycolytic activity and the respiratory 
activity of normal and retinitis rats aged 31 to 32 days. For these determina- 
tions, single litters were divided into two groups and respiration and glycolysis 
studied on the same day under identical conditions. Only the difference in 
the glycolytic activity of the two groups is significant. 


TABLE 
RESPIRATORY ACTIVITY (q02(pr)) AND ANAEROBIC GLYCOLYTIC ACTIVITY 
(¥en) OF RETINAE FROM NORMAL AND RETINITIS PIGMENTOSA RATS 
AGED 31-32 DAYS 





a(pr) qO>2 (pr) 





Controls i as * 8: ah 51:2+2°7 (16) 20-8 + 1-6 (12) 


Retinitis pigmentosa .. ne a ee 35-9+1-5 (29) 17-2+1-7 (14) 
p= <0-001 p=0-13 











p=probability that difference from control value is due solely to chance. Number of determina- 
tions in parenthesis. 
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Discussion 


The respiratory activities recorded for the normal rat retina show a 
remarkable parallel with those observed previously for glycolysis both as 
regards the proportionate size of the increase as well as the age at which this 
increase occurs. The near doubling of activity between 9 days and 16 days 
observed in the present series is comparable with the rise in glycolytic 
activity between the 10th and 14th days of life reported previously 


(from q'¢?(pr)=26-1 to at2(pr)=50°5, Graymore, 1959). In both cases 


this mature value is maintained. 

As protein accounts for about 85 per cent. of the dry weight of the retinal 
tissue the present figures should be divided by 1-176 for purposes of compari- 
son with figures quoted by other authors using the more conventional mg. 
dry weight basis. On this basis the mature value would become 22-4, being 
the mean of eight results ranging from 18-0 to 26-3. These activities have 
been recorded in bicarbonate buffer and confirm the high rate of retinal 
respiration observed when this buffer is used in preference to phosphate 
buffer (Laser, 1935). Values recorded by previous workers, using 
bicarbonate buffer, include 30-7 (Warburg, 1926), 20-3 (Dickens and 
Greville, 1933), 30-7 (Laser, 1935), 27-1 (Campos, 1936), and 34-0 (Craig 
and Beecher, 1943). The graph illustrating the respiratory activity of the 
rats with retinitis shows a close analogy to the pattern of glycolysis seen in 
these animals during development and reported in Paper II of this series 
(Graymore, Tansley, and Kerly, 1959). In this paper, the abiotrophic 
nature of the disease, as first described by Bourne, Campbell, and Tansley 
(1938), was confirmed. The retina appears to develop completely normally 
until 3 weeks of age, but immediately after maturing the visual components 
begin to degenerate. The present results show that the respiratory pattern 
is essentially normal until about the end of the 5th week of life, when the 
activity falls abruptly. By the end of the 6th week the qO,(pr) has returned 
to 10-5, which is of the same order as that of the immature retina of less than 
10 days of age. 

Graymore and others (1959) stressed the difficulties involved in attempting 
to ascertain whether the observed decline in glycolytic activity preceded 
the pyknotic changes or whether it merely reflected the death of cells which 
in normal health exhibited a particularly high activity. The fall in glycolytic 
activity observed previously appeared to be much more abrupt than the 
accompanying degenerations, thus favouring the former possibility. On the 
other hand, conventional histological techniques demonstrate structural 
changes in the cell, but fail to reveal any information regarding the activity 
of the cell. It is not possible to distinguish between a dead cell which is 
gradually degenerating structurally, and a dying cell which is still maintaining 
some degree of activity. If some as yet unknown factor were responsible 
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for cell death, glycolysis, serving as an index of activity, would fall abruptly, 
but the degeneration of the dead cells and the clearing away of the residual 
debris might take some weeks to complete. Such events might produce the 
histological and biochemical sequences observed. There are two contra- 
indications to this explanation. Examination revealed that at 5 weeks, 
although the central part of the retina is becoming disorganized, the peri- 
pheral regions appear to be little affected. It would seem, therefore, that all 
the cells are not dying at the same rate, and if glycolysis merely reflects cell 
death, one would expect a more gradual loss of activity. Secondly, after 
chemical poisoning of the visual cells, the cell debris is removed completely 
within one week (Graymore and Tansley, 1959b). 

It was hoped that the present investigation might help to clarify this 
problem. If cell deaths were a gradual process resulting from an abrupt 
failure of glycolysis, then the decline in activity of other processes character- 
istic of the living cell would lag behind that of glycolysis, whereas, if both 
glycolysis and this other property were results of cell death, then both might 
decline at the same rate, both being rates determined by a single independent 
factor. 

In the experiments reported here, respiration declines between the 5th 
and 6th weeks, whereas it had been shown previously that glycolysis had 
returned to the immature value by the end of the 4th week. This rather 
slight time lag is not very convincing, however, when the extreme variability 
of the respiratory results is taken into account. The results of an attempt 
to assess the reality of this experimental difference are shown in the Table, 
which records the results of 72 determinations of respiration or glycolysis in 
retinae from animals aged 31-32 days. Both control and retinitis pigmentosa 
animals were used. It can be seen that lower values are recorded for both 
glycolysis and respiration in retinitis animals of this age, but the difference is 
smaller in the latter case and the variation greater. The difference between 
the means of the respiratory levels is not statistically significant (p =0-13), 
whereas the fall in glycolysis at this time is highly significant (p = < 0-001). 

This lends some support to the possibility that the fall in glycolysis precedes 
that in respiration, and to the speculation that the fall in respiration could 
reflect cell death induced by glycolytic failure. There is not yet sufficient 
evidence, however, to state this with any certainty, for different enzymes or 
enzyme complexes might exhibit widely differing degrees of stability, and 
this could readily account for the slight difference in the observed time 
courses, without necessarily implying any interrelationship. 

The rise and subsequent decline in respiratory activity between the second 
and fifth weeks of life, coinciding with the differentiation and degeneration 
of the visual components, suggest that the visual cells not only possess a very 
powerful glycolytic system but that they have a high oxidative potential. 
Evidence from other sources supports this concept. Francis (1953), detected 
high concentrations of succinic dehydrogenase in the inner segments of the 
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visual cells, and Lowry, Roberts, and Lewis (1956), found these regions to be 
particularly rich in malic dehydrogenase. The electron microscope studies 
of Sjéstrand (1949, 1953) have clearly demonstrated dense aggregates of 
mitochondria in the ellipsoids. 

Before this work was completed, Noell (1958) reported very briefly the 
results of studies carried out in conjunction with Cohen. These studies 
showed that, in the rabbit, respiration increases 3-fold between 12 and 20 
days after birth and glycolysis shows a smaller increase rather earlier. By 
analogy with post-natal cerebral changes, he also arrived independently at 
the conclusion that this increased activity might be attributable to the 
differentiation of the visual cells. They investigated this problem further by 
destroying the visual cells of the mature rabbit with iodoacetate and measuring 
the activity of the surviving layers. They found that respiration was slightly 
lowered, aerobic glycolysis was reduced by 25 per cent., and anaerobic 
glycolysis was unaffected. On this basis it was concluded that, at the time 
of visual cell differentiation, all the layers of the retina undergo an increase of 
activity. It is difficult to reconcile these results with those reported here or 
with the work of Graymore and Tansley (1959b), in which it was shown that 
following the destruction of the visual cells chemically in the rat, the surviving 
layers of the retina showed only 50 per cent. of the glycolytic activity of the 
intact tissue. Noell’s report, however, although taking the form of an 
excellent and comprehensive review, provides very little experimental 
information. Without this, it is not possible to attempt to explain these 
discrepancies: They employed a phosphate buffer for the iodoacetate 
experiments, and hence the glycolytic and respiratory values are rather low; 
the possibility that this difference in medium might account for the differing 
results cannot be overlooked, for there is an increasing weight of evidence 
suggesting that the metabolism of the retina may be fundamentally altered 
in the presence or absence of bicarbonate (Laser, 1935; Crane and Ball, 
1951; Hopkinson and Kerly, 1959). A reduced potential for glucose utiliza- 
tion might not become apparent in circumstances where some rate- 
limiting factor is already imposed. Heald (1953), for example, found that 
iodoacetate inhibited the oxygen uptake of stimulated but not of resting brain 
tissue, and suggested that the lack of inhibition might be a reflection of sub- 
maximal activity. Hopkinson and Kerly (1959) confirmed the much higher 
rate of retinal oxidation in bicarbonate buffer than in phosphate buffer, and 
showed that a concentration of iodoacetate, which in vitro inhibited oxidation 
by 40 per cent. in bicarbonate buffer, had very little effect in phosphate 
buffer. On the other hand, although lower values are observed in phosphate 
buffer, Noell did observe an increase of activity during development using this 
buffer, and if this were due to the visual cells, removal of these cells should 
reverse the picture. In general, it may be concluded that the present studies 
on the behaviour of the rat retina in bicarbonate buffer suggest that the 
respiratory changes during development closely parallel those of glycolysis. 
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At the time of visual cell differentiation there is an overall increase of activity, 
and the loss of this activity accompanying visual cell degeneration in retinitis 
pigmentosa rats provides support for the speculation that these bodies are 
particularly active metabolically. There is some evidence to suggest that in 
the case of the retinitis pigmentosa rats glycolytic potential is lost before that 


of respiration. 


Summary 


(1) The oxidation of pyruvate by retinal tissue incubated in bicarbonate 
buffer has been investigated during the development of the normal rat and 
the rat with hereditary visual cell degeneration. 


(2) In both cases there is a doubling of respiratory poe during the 
2nd and 3rd weeks of life. 


(3) The loss of the visual cells in the retinitis pigmentosa rats leads to a 
reversal of this development pattern. 


(4) There is some evidence to suggest that the fall in respiratory activity 
accompanying these degenerations follows that reported previously for 


glycolysis. 
(5) Some implications of these observations are discussed. 
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Council for a grant towards the expenses of this work. 
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A NEW TECHNIQUE FOR OPENING THE CANAL OF 
SCHLEMM* 


PRELIMINARY REPORT 
BY 


REDMOND SMITH 
London 


THERE are many reasons for supposing that a perfect goniotomy would be a 
successful operation for several types of glaucoma, and Barkan (1936) tried 
it in some cases of chronic simple glaucoma. Apparently his results were 
not satisfactory, since he gave up this technique for this type of case, and 
recent histological evidence presented by Maumenee (1959) suggests that 
goniotomy in practice is not quite the same as goniotomy in theory. The 
ciliary body and scleral spur are probably maximally affected and it is doubt- 
ful whether the trabecular meshwork is efficiently divided. 

If this could be done, especially if it could be effected without bleeding, 
and if the obstruction to outflow of the aqueous humour did lie in the 
trabecular meshwork (a point about which there is still no certainty), then a 
new and hopeful type of glaucoma surgery would have been initiated. 

Prompted by earlier experience of the injection of the canal of Schlemm in 
the Department of Pathology at the Institute of Ophthalmology, a series of 
experiments has recently been carried out at the Western Ophthalmic 
Hospital, London (St. Mary’s Hospital). Using cadaver human eyes, a 
technique has been devised by means of which access is gained to the canal 
of Schlemm by an ab externo approach, and the canal is then opened into 
the anterior chamber over a wide area, almost half the circumference of the 
limbus. 

Following the experiments on cadaver eyes a similar operation was 
performed on a living subject immediately before removal of the eye for 
malignant melanoma of the choroid, and it is this operation which is now 


described. 
Procedure 


General anaesthesia was employed because an enucleation was to follow but a 
local anaesthetic would probably be satisfactory for the trabeculotomy. An 
operating microscope was used (Beck’s Lomag) giving a magnification of x 6°5. 

A superficial incision across the limbus and about 3mm. long was made at 
12 o’clock. This was gradually deepened under microscope control, pushing the 
corneal and scleral fibres sideways with the knife to effect slight widening, until the 
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Fic. |.—First incision. The canal appears as two small black dots on each side of the incision 
as it is widened by pushing the corneal and scleral fibres sideways; Descemet’s membrane and the 
deepest scleral layer are not penetrated. The trabecular meshwork can be seen between the 
black dots; it appears as a narrow band of circumferential fibres at the corneo-scleral junction. 
Fic. 2. —Nylon thread inserted into the canal. 

Fic. 3.—Second incision. Nylon thread found in the canal is pulled out and the free end is 
inserted into the next sector of the canal. 

Fic. 4.—Thirdincision. Nylon thread pulled out and free end is secured by a knot and clamp. 
Fic. 5.—The nylon is pulled firmly from the first point of entry and appears in the anterior 
chamber like a bowstring, having burst through the antero-internal wall of the canal of Schlemm. 


canal was entered from its outer aspect. This was recognized by the appearance of 


a narrow band of circumferentially directed fibres at the corneo-scleral junction 
in the depths of the incision and a small black dot in each side wall (Fig. 1). 
There was no loss of the anterior chamber but a trickle of bloodstained fluid 
could be seen welling up from the canal into the incision. 

A fine nylon suture was then pushed into the canal and along it until it would go 
no further (Fig. 2). From previous experience with the cadaver eyes, it was known 
that the nylon traversed just less than a quarter of the circumference; a similar 
incision was therefore made at the 2 o’clock position and the nylon was found in 
the canal and drawn out. The free end was then reintroduced into the canal 
and pushed along the next sector, being pulled out again through a third incision 
(Figs 3 and 4). The anterior chamber was still present. The lower end of the 
nylon was then secured by knotting, and, for further safety, by clamping. The 
end emerging through the upper incision was then gripped with forceps. The 
position at this stage, therefore, was that there were three small, non-perforating . 
limbal incisions, through the upper and lower of which the ends of the nylon thread 
emerged, the nylon between these points lying in the canal of Schlemm. 

The upper end of the nylon was then firmly pulled and the suture appeared, 
like a bowstring, in the anterior chamber, having burst through the antero-medial 
wall of the canal of Schlemm. The nylon thread was then withdrawn from the eye 
by pulling it gently out through the lower incision. There was still no loss of the 
anterior chamber and no hyphaema, although a very faint puff of blood could be 
seen to enter the chamber just as the nylon burst through the canal wall (Fig. 5). 
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Histological Appearances 


In the operated area the canal of Schlemm was put into direct communica- 
tion with the anterior chamber. In the cadaver eyes the anterior wall of the 
canal was fractured and the peripheral 
part of Descemet’s membrane separated 
from the substantia propria, the nylon 
finally appearing to have entered the ant- 
erior chamber by fracturing Descemet’s 
membrane a short distance anterior to 
Schwalbe’s line. The resulting trabecular- 
Descemet flap tended to fall towards the 
anterior surface of the iris, causing the 
canal to gape widely into the anterior 
chamber (Figs 6, 7, 8, 9). 





Fic. 6.—Dissection showing nylon thread in canal. 


Fic. 7.—Cadaver eye. The nylon has burst through the anterior wall of the 
canal and stripped off Déscemet’s membrane for a short distance, so that the 
trabecular-Descemet flap falls on to the anterior surface of the iris. 


The appearances were much the same in the eye in which the procedure 
was carried out in vivo, except that less of Descemet’s membrane was stripped 
off, so that almost a purely trabecular flap was obtained. 


Clinical Implications 
The procedure may be of some.use in cases of glaucoma due to trabecular 
block, provided that the healing process does not re-establish an obstruction. 
This would not seem to be very likely, since the cut edge of Descemet’s 
membrane and the corneal endothelium would presumably only grow back 
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Fic. 8.—The eye in-which the operation was carried out in vivo before enuclea- 
tion for choroidal melanoma. The unoperated side shows a normal (blood- 
filled) canal of Schlemm. 


Fic. 9.—Same eye as Fig. 8. Operated side, showing Descemet’s membrane 

fractured only just anterior to the limit of the trabecular meshwork which tends 

to fall towards the iris thus widely opening the canal of Schlemm which gapes 

into the anterior chamber. Note = — is no blood in the opened part of 
the canal. 


until the outer cut edge of the endothelium of the canal was reached. At the 
apex of the trabecular-Descemet flap, the endothelia should heal rapidly, 
and there is no reason to suppose that the flap would fall back towards the 
cornea. In fact, in cases in which there were goniosynechiae, the pull of the 
iris would tend to pull the flap away and cause the canal to gape even more 
widely. 

In addition to offering hope of benefit in cases of glaucoma due to 
trabecular obstruction, this procedure might go some way towards solving 
the problem of the site of obstruction to the outflow of aqueous humour in 
chronic simple glaucoma. 

My thanks are due to the staff of the Department of Pathology, the Western Ophthalmic 


Hospital, London (St. Mary’s Hospital), for the sections, and to the Department of Medical 
Illustration at the Institute of Ophthalmology, London, for the photomicrographs. 
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PHOTOGRAPHY OF LENS OPACITIES BY 
TRANS-SCLERAL ILLUMINATION* 


BY 


A. J. OGG 
Salisbury 


FINCHAM (1955) discussed the value of photographically recording the progress 
of cataract and described a method whereby lens opacities were photographed 
by the light reflected from the fundus by trans-pupillary trans-illumination. 
A slit lamp was used, in which the axis of illumination was coincident with 
the line of observation; the mirror of the illuminating system was replaced by 
a thin glass plate and the microscope by a single lens reflex camera. With 
this method, lens opacities were seen as dark areas against the luminous 
background of the fundus, and contrast was increased with a dark orange 
filter in the illuminating or camera system. Previously, Douvas and Allen 
(1950) had photographed lens opacities with the Nordenson retinal camera; 
in their photographs opacities also showed as dark areas against the retinal 
reflex. 

In the method now to be described the cataract is focally illuminated by 
light introduced into the eye through the lower lid and sclera; reflected light 
from the fundus is kept to a minimum, and the lens opacity is seen as a white 
area against the dark fundus background. 


Apparatus 


The trans-illuminator and camera systems are illustrated in Fig. 1 (opposite). 
The trans-illuminator consists of a lamp-house made from a cylindrical tin can, in 
which is mounted a Philips PF5 flash-bulb. This particular bulb has a maximum 
light flux of 1-4 millions of lumens, with a flash duration of 1/50th part of a second. 
Attached to the lamp-house is a cardboard cone which terminates in a perspex 
rod, on to which a condensing lens focuses light from the flash-bulb. The trans- 
illuminator is coated with matt black paint, except for its apex: it is 12 cm. in 
length, light, and easy to handle. 

The camera is of the single-lens reflex type (a Reflex Korelle) with a 3” focal 
length lens and a maximum marked aperture of F 3-5. The film used is Kodak 
Royal— X Pan. which is one of the fastest films readily available at the present time. 
The shutter is synchronized through a battery and capacitor to the flash-bulb in the 
trans-illuminator. The camera is mounted on the geometric microscope stand of a 
disused Zeiss slit lamp (Hansell, 1957) and placed on a slit-lamp table. (The type 
of slit lamp is not important, but the Hamblin “ Universal” proved ideal for this 


purpose). 
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Fic. 1.—Diagram to show construction of trans-illuminator connected to flash contacts of Reflex 
camera. 











Method 


The patient’s cataractous eye is dilated with homatropine and cocaine and his head 
is positioned on the slit-lamp head-rest. The image of the cataract, illuminated by 
-the slit-lamp illuminating system, is focused on the ground-glass screen of the camera. 
The apex of the trans-illuminator is now placed against the skin in the centre of the 
patient’s lower lid and gently pressed in an upward and inward direction; the light 
from the slit lamp is turned off and the exposure made. An assistant can help con- 
siderably by lifting the patient’s upper lid and turning off the light of the slit lamp 
a moment before the exposure. 

As with Fincham’s technique, the depth of field is small, and if a photographic 
record is required of lens opacities occupying different depths in the lens, then each 
successive layer must be photographed in turn. Fig. 2 shows a photograph of 
senile nuclear and cortical cataracts which are not in the same plane. The camera 
was focused on an intermediate position with the result that neither is sharply 
defined. In the photograph the outline of the ciliary body can be seen, 


Fic. 2.—Senile cortical and nuclear opaci- 
ce. the outline of the ciliary body is also 
shown. 





A. J. OGG 





Fic. 3(a).—Broad iridectomy and localized cataract following an intra-ocular foreign body. 
(b) Localized lens opacities following a non-perforating injury. (c) Absorption of traumatic 
cataract resulting from a perforating injury, showing capsule and soft lens matter remnants. 


(d) Senile cortical opacities. (e) Congenital cataract 24 hrs after discission. (f/) The same eye 
as 3(e) 8 days after discission. 
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The length of the exposure is that of the flash—1/50th part of a second—hence 
ocular movements of small degree are of no consequence, the patient does not ex- 
perience any discomfort, and there is no after-image. In the rare eventuality of a 
flash-bulb explosion, the eye is well protected by the structure of the trans-illumina- 
tor. In practice the method has proved quick and easy to carry out, and gives con- 
sistent results. The majority of photographs are completely free from corneal reflex 
but great care is necessary to reduce the general room illumination to a minimum, 
since the film is extremely sensitive. In some cases the application of the trans- 
illuminator will result in slight eversion of the lower lid, and scattered light from 
the tarsal conjunctiva will produce small reflexes in the lower part of the cornea. 

Fig. 3 shows various lens opacities photographed by the method. 


I should like to thank Mr. R. Conroy for his help in photographic processing, and the Wessex 
Regional Hospital Board for a grant to carry out this work. 
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CASE NOTES 


CHOROIDAL MELANOMA INVADING THE ORBIT 
WITHOUT DISTANT METASTASES* 


BY 


V. H. SMITH anp A. NICOL 


From Manchester Royal Eye Hospital and the Department of Pathology, 
University of Manchester 


IT is now generally accepted that the prognosis of choroidal melanoma is not 
necessarily very bad, depending on such variables as cell type and pigmen- 
tation, the age of the patient, and the stage of the growth when the eye is 
enucleated. The present case is reported because it demonstrates that, even 
when the growth has progressed beyond the bulb and is freely invading the 
orbital tissues, distant metastases need not occur. Reese (1956) quotes a 
mortality of 91 per cent. for this stage of melanotic growth followed over a 
5-year period. In the present case a satisfactory result might have been 


obtained by exenteration, a procedure which was considered and ultimately 
abandoned because of the poor condition of the patient. 


Case Report 


An unmarried woman aged 77 was admitted to the Manchester Royal Eye Hospital under 
the care of Mr. A. Stewart Scott on December 20, 1958, with a proptosis of the left eye of 


2 weeks’ duration; this had increased in size more rapidly immediately before admission. 
Examination —She was semi-comatose and disorientated. 


Left Eye—No perception of light; the eye was grossly proptosed, with marked 
chemosis and a totally-staining cornea, through which a small inactive pupil and opaque 
lens could just be discerned. The lids were swollen and bruised and were firmly held 
apart by the protruding globe. 


Right Eye.—This seemed normal although no visual acuity was recordable. 

The patient was dyspnoeic and cyanosed. There was a mid-systolic murmur at the 
apex, tubular breathing was heard over the right lower lobe, and ankle and sacral oedema 
were prominent. The liver was not palpably enlarged. Chest x ray showed a rounded 
opacity in the right lower zone. A tentative diagnosis was made of carcinoma of a 
bronchus metastasizing to the left orbit with superimposed congestive heart failure. 


Treatment.—Penicillin, digoxin, and diuretics were prescribed and aureomycin ointment 
was applied to the eye under a dressing of tulle gras. 
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The prognosis was thought to be so poor that at first the eye was considered only in 
terms of comfort. Routine investigation showed a normal blood count, bleeding and 
clotting times. Further chest x ray showed resolution of the opacity which was assumed 
to have been of inflammatory origin. An x ray of the skull showed numerous opacities, 
but these were subsequently proved on histological examination to be angiomatous mal- 
formations with no evidence of neoplasm. 

The patient’s general condition slowly improved and on January 30, 1959, surgical 
exploration was undertaken by Mr. A. Stewart Scott. The nature of the lesion was at once 
revealed; the proptosis was caused by haemorrhage following rupture of the globe by a 
choroidal melanoma. It was impossible to remove the whole eye as the posterior pole 
was irretrievably bound down to the orbital contents which were densely infiltrated by 
tumour. 

The anterior portion was sent for section and was reported by Dr. J. L. S. Smith 
as follows: 

“Malignant melanoma of uvea and episclera. The specimen comprises several strips of sclera 
and some small haemorrhagic fragments. The globe contents include large masses of melanotic 
tumour of a deeply pigmented character, the great majority of the cells being of a fully differen- 
tiatedtype. In places these elements form aggregates of rounded-off chromatophores interspersed 
with some inflammatory cells and abundant haemorrhage. The tumour is singularly free from 
mitoses. The supporting blood vessels are well-formed. Large areas of granulation tissue, 
almost devoid of tumour cells, are also present. The episclera contains large plaques of mela- 
noma, in places admixed with haemorrhage. The intra-ocular component of this tumour has 
undergone a partial necrosis and there has been considerable intravitreal growth of granulation 
tissue. In all probability, plentiful tumour tissue is still present in the orbit. The tumour type 
suggests a very moderate grade of malignancy.” 


Result.—Post-operatively the patient suffered from recurrent attacks of dyspnoea and 


developed auricular fibrillation with some nausea, vomiting, and angor animi. In view of 
her poor condition it was felt that exenteration was too severe a procedure. Consequently 


she was seen by Dr. E. C. Easson from the Christie Hospital and Holt Radium Institute who 
suggested a palliative course of x-ray therapy to the orbit. Unfortunately she never 
became fit enough for transfer, suffering from repeated attacks attributed to myocardial 
ischaemia which were complicated terminally by attacks of vomiting and abdominal 
distension. She died on May 21, 1959. 


Necropsy 


This was performed 5 hours after death. The body was that of an elderly female 
showing no jaundice or skin pigmentation; the superficial lymph nodes were not 
palpably enlarged. The significant findings were as follows: 

The left eye had been partially removed, leaving a horizontal band of black 
pigmented tissue. The remaining orbital contents were exenterated. Subsequent 
histological examination showed that at no point did melanotic cells penetrate the 
orbital fascia, nor were there secondary deposits in the optic nerve. 


The heart (370g.) showed moderate left ventricular hypertrophy and dilatation 
of both ventricular chambers; there was fairly severe coronary atherosclerosis with 
occasional flecks of myocardial fibrosis confirmed histologically. 


The peritoneal cavity showed a generalized peritonitis as a result of perforation 
of one of a number of ulcers, mostly superficial, of the mucosa of the pelvic colon. 
Histologically these ulcers showed necrosis of the mucosa with acute inflammatory 
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cell infiltration extending throughout the wall of the gut; there was no indication 
as to their aetiology. 

An exhaustive search, both macroscopically and microscopically, was made of 
all organs, including brain, liver, lungs, kidneys, adrenals, gastro-intestinal tract, 
and lymph nodes, for the presence of melanotic deposits, but none was found. 
It was concluded that death was due to myocardial ischaemia as a result of severe 
coronary atherosclerosis, accelerated by a terminal peritonitis. 


We wish to thank Mr. A. Stewart Scott for permission to publish this case and Professor A. C. 
P. Campbell for helpful advice and criticism. 
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APPLIANCES 


_THE VALUE OF A GLUCK’S METALLIC POST-OPERATIVE 
EYE SHIELD* 


BY 
ALFRED ARRUGA 


Barcelona, Spain 


A woman aged 75 underwent a right intracapsular extraction at my hands on March 21, 
1959. The technique comprised two iridotomies, and the wound was closed by corneo- 
corneal sutures. 

Because of her advanced age and rather poor intelligence, it was felt advisable to 
protect the eye post-operatively by a Gluck’s aluminium eye shield, with a small gamgee 
patch beneath it. Plastic shields are employed in the majority of my cases, the uglier 
metal shield being reserved for those where trouble is expected. 

The day after operation, the patient elected to get out of bed for no apparent reason 
at the very moment when the nurse was treating a patient in the next ward. No clear 
account is available of what next occurred, but presumably she must have fallen, and 
hit the door frame with the shield covering her operated eye. She was found with her 
head lying in a spectacular pool of blood from a 4 cm. long wound in the temporal part 
of her right eyebrow (Fig. 1). This cut was caused by the edge of the metallic shield 
which, as shown in Fig. 2, had a deep dent down the centre. 


Fic. 2.—Dented metallic shield. 
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To my amazement the only ocular damage was an iris prolapse at the area where two 
sutures had given way (Fig. 3). 


Fic. 3.—Iris prolapse. 


The prolapse was reduced and two sutures placed. The wound healed, but the iris 
remained enclaved at one point. In spite of an unpleasing appearance the visual result 
is satisfactory (Fig. 4). 


Fic. 4.—Result of prolapse reduction. 


Discussion 

The only interest of the case is in proving the value of this form of metallic 
shield, which saved the eye from destruction. Had the edge of the shield 
been blunted or covered with some soft material the eyebrow wound could 
have been minimized. This, however, could not have been achieved by a 
large cotton wool pad under the shield, as the value of the latter depends upon 
its close fit to the malar, frontal, and nasal bones to which (rather than the 
eye) any pressure on its anterior surface is immediately transmitted. 


When the other eye was treated for cataract at a later date, two of these shields 
(one on top of the other) were fastened carefully over the eye, and fortunately no 
further accident occurred. 


Summary 
Although badly dented, a Gluck’s aluminium eye shield saved an operated 
eye from a heavy blow. This type of shield is now being used in all the 
author’s cases. 
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CORRESPONDENCE 
OPEN-ANGLE GLAUCOMA 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs,—Many different operations have been described for open-angle glaucoma, showing 
that none is entirely satisfactory. The recurrence rate is low among the white races but 
reaches a very high figure amongst the brown and black races, and much ingenuity has 
been devoted to trying to find a solution (Epstein (1959)). 

Five months ago, following on the good results obtained by the use of beta ray in 
pterygia, it was decided to use beta ray in recurrent glaucoma. A man aged 69 had a left 
sclerectomy (4 x 1 mm.) with peripheral iridectomy performed in August, 1958, for open- 
angle glaucoma. The pre-operative tension was 45 mm. Hg Schi6tz, but, after an initial 
post-operative fall for 3 months, the former level was slowly regained. The bleb eventually 
disappeared and the tension reached 60 mm. Hg Schidtz. Accordingly, on October 1, 
1959, a conjunctival flap was turned down over the former operation site at 12 o’clock, 
and a small dot of gentian violet made on the sclera at the projected site of drainage. A 
small piece of lead foil with a 5-mm. circular hole was placed on the sclera, with the hole 
over the gentian violet dot. A beta-ray applicator was applied over the hole in the lead 

‘foil and a single dose of 2,000r was given in 2 minutes. A hole was burned through the 
sclera at the gentian violet dot with a cautery point (Preziosi) and the conjunctival flap 
was reflected back to its original position and sutured. There was a good bleb at the first 
post-operative dressing. This has remained since, and 5 months later the post-operative 
ocular tension is 25 mm. Hg Schi6tz. 

My attention has recently been drawn to an article entitled ‘‘Beta Radiation as an 
Adjunct to Glaucoma Surgery in the Negro” (Cohen, Graham, and Fry, 1959) in which 
it is stated that eight out of ten Negroes were successfully operated on for glaucoma, 
using beta ray with sclerectomy by scleral punch and iridencleisis. 

In twelve cases of pterygia, treated by the same dose of beta ray 10 years ago in Cairns, 
Australia, there has since been no cataract formation or any other complication. 

The Preziosi operation is the simplest of the operations for glaucoma, but has never 
been popular because .of the rather high recurrence rate. I believe that the addition of 
the beta ray procedure will give it a new lease of life. There will always be those eye- 
surgeons who love to devise ingenious and complicated procedures, but to those who 
desire the best results in the easiest manner, then the Preziosi operation with beta ray is 
worth considering. Of course, the beta ray may also be combined with the surgeon’s own 
favourite glaucoma operation. 

The following are the details of the beta ray application, kindly supplied by Dr. K. W. 
Mead of the Queensland Radium Institute: 

40 millicuries of radioactive Sr in a plate 12 mm. diameter, delivering 1,000r per 
minute. Lead foil 0-3-mm. thick with a 5-mm. circular hole. 


Yours faithfully, 


BRISBANE CLINIC, MALCOLM E. CAMERON. 
79 WICKHAM TERRACE, 
BRISBANE, AUSTRALIA. 
February 29, 1960. 
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BOOK REVIEWS 


Tetany and the Eye (Tetanie und Auge). By F.Hottz. 1960. Pp. 74, 26 figs, 60 tables, 
Bibliography. Suppl. 34 to Klin. Mbl. Augenheilk. (Bicherei des Augendrztes.) 
Enke, Stuttgart. (D.M. 12.) 

This booklet deals mainly with the hypocalcaemic form of tetany. The condition is 
often first diagnosed by the ophthalmic surgeon finding a tetany cataract. Holtz stresses 
the importance of examining the calcium content of the serum in patients suspected of 
parathyroid deficiency, especially when the glands may have suffered or have been 
removed in thyroidectomy. The treatment by dihydrotachysterine (A.T.10), which Holtz 
inaugurated in 1933 as a substitute for parahormone is described in detail. The drug 
prevents further progress of a tetany cataract and abolishes all symptoms of tetany. 
Holtz quotes Meesmann’s statement that tetany cataract shows the same picture as 
myotonic cataract. He does not quote the paper by Goulden (1928) which describes 
the similarity of the distribution of the lens changes in post-operative tetany, myotony, 
and mongolism. This is of some interest because Holtz believes that tetany cataract is 
a direct effect of the hypocalcaemia. Now, hypocalcaemia has not been found in myo- 
tonic dystrophy. Thus it is likely that the cataract in all these conditions is due to an 
indirect effect on the lens. The influence of a disturbed equilibrium between calcium, 
magnesium, and potassium ions on the colloids of the lens is not discussed by Holtz. 

The author is not an ophthalmologist, which may account for a certain naiveté in 
presenting ophthalmic subjects, e.g. in the section on glaucoma in tetany. The blepharo- 
spasm of a child described on p. 42 might be attributed to phlyctenular keratitis rather 
than to tetany, as corneal opacities and vascularization remained. Holtz’s syndrome 
‘functional normocalcaemic tetany”’ seems to be indistinguishable from hysteria. The 
author writes that electrical examination including electro-encephalography should be 
used for the difficult differential diagnosis. Now, in a nurse whose history is described 
at some length though no ocular symptoms are mentioned, and who was diagnosed by 
Holtz as a case of normocalcaemic tetany, the electro-encephalogram was found to be 
normal, nothing being said about the electrical examination of the muscular response. 

Holtz claims that the Germans have done the pioneer work on the subject of his book, 
though their findings have been confirmed and supplemented by foreign workers. Such 
a claim is difficult to assess. As in most scientific matters the literature seems to bear 
out the dictum of Pasteur: /a science n’a pas de patrie. 


Atopic Cataract. By E. Rosen. 1959. Pp. 102, 17 figs, 107 refs. Blackwell Scientific 
Publications, Oxford. (46s.) 

In this small volume the author has collected together a great deal of the relevant 
literature, and much of it is subjected to a critical survey which enhances the usefulness 
of the book. 

It is always of especial value to a reader interested in a particular facet of a subject to 
find his needs met within the covers of a single book, together with a bibliography which 
will enable him further to peruse the literature. ‘‘ Atopic Cataract” is written to fulfil 
this need, and to add a personal contribution the author includes ten case reports in the 


final chapter. 
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COMMUNICATIONS 


CLINICAL AND EXPERIMENTAL STUDY OF THE BASAL 
MEMBRANE OF THE CORNEAL EPITHELIUM IN 
KERATITIS BULLOSA* 


BY 


J. FORGACS 


From the Ophthalmological Clinic, University of Geneva 
(Director: Prof. A. Franceschetti) 


THE existence of a basal structure separating the different epithelia (glandular, 
cutaneous) from their stroma, is well known. The histopathology of this 
basal membrane has been especially well studied at the dermo-epidermic 
junction, where it is seen as a dense layer, intensely coloured by periodic 
acid—Schiff (Dupré, 1953; Lever, 1954). Percival and Hannay (1949) noted 
that it forms an intracutaneous barrier, preventing the diffusion of certain 
large particles. The authors showed that a large molecular stain injected 
near a subpapillary bulla diffuses easily through the derma, but does not 
appear in the liquid of the bulla. 


Mariani (1955) described in detail the embryology of the cutaneous basal 
membrane and alterations in certain bullous cutaneous disorders (pemphigus, 
pemphigoid, herpes, epidermolysis bullosa). 


Prunieras (1954) discussed the physiological and pathological importance 
of the cutaneous basal membrane and the pathological alterations in eczema 
and Duhring-Brocq dermatitis. 

Concerning the pathology of the cornea, the first reference to the presence 
of a layer separating the corneal epithelium from Bowman’s membrane was 
made by Fuchs (1915), who described two layers between the epithelium and 
Bowman’s membrane in a case of Grénouw’s dystrophy. One layer, staining 
red with Giemsa and grey-blue with Weigert’s stain, is connected with 
Bowman’s membrane and departing from it is composed of pseudopod-like 
prolongations between the basal cells of the epithelium. Loewenstein (1940), 
taking the analysis of Fuchs’s case and the histological examination of three 
cases of his own as a basis, concluded that this hyalinoid, acidophilic, 
structureless layer is nothing but a part of Bowman’s membrane showing a 
different histological reaction. 


Busacca (1949) was the first to demonstrate the independence of this mem- 
brane from Bowman’s membrane, as well as its analogy with other basal 
membranes. In the course of three different histological examinations (in 
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cases of pterygium, pannus, and keratitis bullosa) using Mallory’s stain, he 
noted that the basal membrane stained in the same way as other basal mem- 
branes, but differently from Bowman’s membrane, which gave a histologica! 
reaction characteristic of collagen tissue. 

According to Redslob (1949), the basal membrane regenerates in the same 
way asthe epithelium. Under electron-microscopic examination it is seen as 
a more or less homogeneous layer, with a spongelike appearance due to small 
round or ovular vacuoles (Sebruyns, 1950). 

The introduction of the Hotchkiss-MacManus stain has given a new 
impulse to the histological examination of the basal membrane, which 
stains very clearly by this method and is well differentiated from Bowman’s 
membrane. The investigations of Teng and Katzin (1953) using this stain 
may be considered as fundamental. They examined the basal membrane in 
man, in the cat, in the rabbit, in the monkey and in the calf. It is well visible 
in the eyes of the calf, and less so in the cat and the rabbit, but is very thin in 
the cornea of the monkey. The thickness varies with the individual, and the 
pathological condition varies from that of an epithelial cell to a third of 
Bowman’s membrane. The basal membrane extends across the limbal 
region, where it is thicker, up to the bulbar conjunctiva. It is found at all 
ages from birth onwards. 


Vidal (1951), investigating the chemical composition of the basal membrane, 
showed that it was made up of three layers: a middle layer containing glyco- 
proteins, which may be depolymerized by mucinase, and the anterior and 
posterior layers containing fibres of reticulin (scleroprotein). 

According to histochemical examinations by LaTessa, Teng, and Katzin 
(1954), the basal membrane contains plasmalogen (a phospholoid substance) 
as well as reticular fibres. On the basis of the action of solvents, these 
authors attributed to the lipid layer of the basal membrane a role in the 
adhesion of the epithelium. The non-lipid fraction is probably composed of 
muco- or glycoproteins. The basal membrane can be destroyed by proteo- 
lytic enzymes (trypsin and chymotrypsin). 

Calmettes, Deodati, Planel, and Bec (1956), in their work on the histology, 
histochemistry, and origin of the basal membrane, described the membrane 
in the cornea of the horse, donkey, guinea-pig, and rat. They found that the 
membrane contained muco- or glycoproteins as well as lipids, but they 
could find neither acid mucopolysaccharides (the basal membrane not being 
metachromatic with toluidine blue) nor ribonucleic acid. Contrary to the 
statements of LaTessa and others (1954), they were able to demonstrate, 
using Divry’s technique, the presence of reticulin, whereas the staining of 
elastic fibres gave negative results. 

The origin of the basal membrane has not been elucidated with certainty. 
Some authors suggest an epithelial origin, representing a cuticular formation 
of the basal cells of the corneal epithelium (Redslob, 1949; Busacca, 1949; 
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Vidal, 1951). They base this opinion on the difference in staining between 
the basal membrane and Bowman’s membrane, as well as on the fact that the 
basal membrane regenerates with the corneal epithelium. 


Calmettes and others (1956) stated that the basal membrane had its origin 
in the underlying connective tissue, under the influence of epithelio-connective 
tissue interaction. According to these authors, in the animal species lacking 
Bowman’s membrane, the basal membrane is seen as a condensation of the 
stromal fibres. A similar aspect is seen in the nasal mucous membrane of 
man (Planel and Dupré, 1953; Bec, 1955). Using Sudan stain, which 
gives a strongly positive reaction for the basal membrane, the latter appears 
as a superficial condensation of Bowman’s membrane. 

We find little in the literature about the the physiological importance of 
the basal membrane of the corneal epithelium, despite the fact that the 
histochemical and histological examinations mentioned above establish this 
importance beyond a doubt. As well as the already cited publication of 
Busacca (1949), Moro (1957a) found an irregular and finely serpiginous cor- 
neal basal membrane in gargoylism. In some places it was very thin, with 
interruptions, and an accentuation of the laminated structure. Moro 
(1957b, c) also described a dissociation and hyperplasia of the corneal 
basal membrane at the site of the dyskeratotic lesions of the epithelium in 
Bowen’s disease. 

In the “‘crocodile-shagreen” degeneration of the cornea (Moro and 
Amidei, 1953), the course of the basal membrane becomes wavy, the lami- 
nation accentuated, and the thickness of the membrane irregular. 

Offret and Haye (1957) noted, in a case of epithelioma of the cornea, that 
rupture of the basal membrane of the epithelium preceded destruction of 
Bowman’s membrane, and that this rupture could be considered as a sign of 
malignancy. These authors did not find alteration of the basal membrane 
in corneal herpes. 

If we consider the chemical and histological structure of the basal membrane 
of the corneal epithelium, it seems evident to us that it plays an important 
role in the adhesion of the corneal epithelium to the underlying tissue, and this 
we have tried to demonstrate experimentally. The starting point of our 
experiment was, on the one hand, the observations made by LaTessa and 
others (1954) concerning the destructive effect of trypsin and chymotrypsin, and 
on the other hand, the results of the examination by Buschke (1951) indi- 
cating the importance of the proteolytic processes of this tissue in the 
cohesion of the corneal epithelial cells. Also of interest are the experiments 
of Herrmann and Hickman (1948), indicating that the proteolytic enzymes 
provoke loosening of the epithelium. They also noted the similarity between 
this loosening of the corneal epithelium and the vesicular alteration of the skin. 

We employed the experimental method of Cogan (1940); this author 
induced keratitis bullosa by modifying the osmotic pressure which exists on 
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the one hand at the surface of the corneal epithelium and on the other on the 
side attached to Bowman’s membrane. To provoke a difference in the osmo 

tic tension, we replaced, by Cogan’s method, the aqueous humour of ar: 
enucleated rabbit globe with a hypertonic solution of 10 per cent. NaCl, and 
then placed it in distilled water. We were able by this method, to provoke a 
typical but discrete keratitis bullosa. 

In another series of experiments, we placed the globe in a solution of 
trypsin (“‘Trypure” Novo) for several hours before similar treatment. Com- 
paring the two series of experiments we established the following results: 
few and small bullae were found in the globes not treated with trypsin 
(Fig. 1), and the number and size of the bullae were appreciably increased 


after previous treatment with trypsin (Fig. 2). 


Fic. 1.—Rabbit’s eye, placed in distilled 
water after injection of 10 per cent. NaCl into 
the anterior chamber. Note the small epith- 
elial bullae (arrow) at the left edge of the 
opaque lens. (Some bubbles of air are seen 
at the top of the anterior chamber.) 


Fic. 2.—Rabbit’s eye, put into a solution of 
trypsin before injection of 10 per cent. NaCl 
into the anterior chamber and subsequently 
placed in distilled water. Large epithelial 
bullae are easily distinguished. 


Sometimes we even observed complete bullous detachment of the corneal 
epithelium. Histological examination clearly shows the subepithelial situa- 
tion of the bullae as well as a loose basal membrane, stretched and 
unravelled between the stroma and the epithelium (Fig. 3). 


Fic. 3.—Histological appearance 
of the cornea of the same rabbit 
as in Fig. 2. Note bullous 
detachment of epithelium which 
is still connected to stroma by 
remnants of stretched basal 
membrane. 
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In man, the basal membrane of the corneal epithelium is normally seen as 


a dense, more or less homogeneous layer at the limit between the epithelium 
and Bowman’s membrane (Fig. 4). 


Fic. 4.—Normal human cornea 
(periodic acid-Schiff stain). Note 
somewhat wavy basal layer be- 


tween epithelium and Bowman’s 
membrane. 


To support our experimental results we examined histologically some 


cases of bullous keratitis and Fuchs’s epithelial dystrophy, that is, two corneal 
disorders characterized above all by vesicular formations. 


Observation 1 


A married woman born in 1878 had an operation for cataract of the right eye in 1942 and 
of the left eye in 1944. Before this she had already experienced attacks of lacrimation 
accompanied by violent pain. 

Slit-lamp examination showed bilateral vascular degeneration of the corneal epithelium. 

Histological examination of a section of the cornea taken during a corneal transplant 
in the right eye showed thinning and considerable laceration of the epithelium which 
was greatly desquamated, in some places in large strips. The epithelial cells were vacuo- 
lated and degenerate. Bowman’s membrane was fully conserved. A slight increase in 
the number of corneal cells was found between the dissociated corneal laminae. At the 
sites of epithelial desquamation, the unravelled basal membrane extended between the 


basal cells of the epithelium and Bowman’s membrane in the form of delicate, slightly 
wavy, laminated filaments (Fig. 5). 


Fic. 5.—Histological appearance of cornea 
in case of keratitis bullosa (Observation 1). 
The bands of the basal membrane are easily 
distinguished, stretched between the separ- 
ated and very altered epithelium and 
Bowman’s membrane. 
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Observation 2 
A married woman born in 1876 had had a bilateral antiglaucomatous iridectomy performed 
20 years before a keratoplasty operation was undertaken. A year earlier, she had had an 
intracapsular cataract extraction in the left eye, followed a month later by corepraxia on 
the same eye. Recurrent erosions of the epithelium, parenchymatous oedema, and endo- 
thelial and epithelial degeneration of this eye were treated by lamellar keratoplasty. 
Histological examination of the corneal epithelium showed that it was greatly des- 
quamated. The lamellar structure of the stroma was indistinct, and in some places the 
number of cells was greatly increased, being represented especially by invading fibroblasts 
and leucocytes. At the level of a small epithelial bulla, the dissociation of the basal 
membrane into two layers was clearly distinguished, one attached to the basal cells of the 
epithelium, the other to Bowman’s membrane (Fig. 6). Elsewhere, the structure of the 
basal membrane was loose. 





Fic. 6.—Histological appearance of cornea at beginning 
of Fuchs’s epithelial degeneration (Observation 2). Note, 
at the level of a small epithelial bulla, the dissociation of the 
membrane into two layers, one following the epithelium, the 
other remaining connected to Bowman’s membrane. 


Observation 3 

A married woman born in 1890 showed epithelial oedema of Fuchs’s type, with a linear 
ulcer between 4 and 6 o’clock in the right eye on slit-lamp examination. Similar altera- 
tions, with desquamation of the epithelium, were seen in the left eye. The cornea was 
thickened. A mushroom graft was performed. 

Histological examination of the excised cornea showed that the epithelium was greatly 
altered in its structure, especially in the basal layer, where the cells were shrunk in places 
and showed vacuoles and empty spaces between them. Abundant verrucosities were 
present in Descemet’s membrane. The endothelium was only partially preserved. The 
basal membrane was finely vacuolated. As in the preceding case, it was divided into 
two layers at the sites of desquamation. It was unravelled, and in places thinned or 


absent (Fig. 7, opposite). 


Observation 4 

A married woman born in 1870, showed epithelial degeneration of Fuchs’s type, with 
bullae formation as well as thickening of the cornea and endothelial lesions on slit-lamp 
examination of the cornea. 
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Fic. 7.—Histological aspect of cornea in Fuchs’s epithelial 
degeneration. The epithelium is thickened, oedematous, 
and partially desquamated; the basal membrane is frayed 
and, in some places, thinned or absent. 


Histological examination of a disc of cornea obtained while performing a mushroom 
graft showed a rather thickened epithelium. Cells of the basal layer had lost their 
habitual elongated form and were almost entirely cuboid. The intercellular cement was 
very loose. Small vacuoles and pyknotic nuclei were surrounded by a very clear zone. 
In one place dehiscence of the epithelium had occurred and in others the beginning of 
basal vascular formations. Bowman’s membrane was conserved. The rest of the stroma 
was slightly oedematous. The basal membrane was clearly visible, and distinctly thick- 
ened with marked palisade-like structure (Fig. 8). 


Fic. 8.—Histological appearance of cornea in Fuchs’s 
epithelial degeneration (Observation 4) showing oedematous 
epithelium with cuboidal basal cells and a thickened basal 
membrane with palisade-like structure. 










J. FORGACS 
Discussion 
The chemical and structural complexity of the basal membrane of the 
corneal epithelium indicates that it plays an important physiological role, 
which should be related to the adhesion of the epithelium to Bowman’s 
membrane, as well as to the metabolic processes of the epithelium and the 
stroma. It follows that the basal membrane participates likewise, primarily 
or secondarily, in many pathological changes of the cornea. Injury to the 
membrane is demonstrated by structural or tinctorial modification. 

Using Cogan’s method, we provoked keratitis bullosa of the rabbit cornea. 
We were able to show that trypsin solution favoured formation of epithelial 
bullae, proving that the proteins and the proteolytic processes of the basal 
membrane play an important role in the physiological adhesion of the 
epithelium to the underlying layers. 

We examined some cases of bullous epithelial dystrophy of the cornea, 
especially Fuchs’s type. Staining with periodic acid—Schiff permitted us to 
show that the basal membrane underwent important structural alteration in 
these corneal lesions. Indeed, the more or less thinned basal membrane 
showed a loosening and unravelling sometimes accompanied by vacuoliza- 
tion. In our last case, however, the basal membrane was thickened, show- 
ing a very marked palisade-like structure. 

It is proposed to extend these researches on the behaviour of the basal 
membrane of the corneal epithelium in different forms of dystrophy and 
degeneration of the anterior limiting membrane. 
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Summary 

The author stresses the important role of the basal membrane of the 
corneal epithelium in the adhesion of this membrane to the underlying layers. 
In experimental keratitis bullosa of the rabbit, obtained by Cogan’s method, 
he was able to show that trypsin clearly favoured the formation of epithelial 
bullae. 

Examining several cases of keratitis bullosa, especially of Fuchs’s type, in 
man, using periodic acid—Schiff stain, he was able to observe important 
structural alterations of the epithelial basal membrane in them all. 
















ADDENDUM 


Since this manuscript was sent to the editor, a paper on the basal membrane of 
the corneal epithelium has been published by Offret and Haye (1959). It deals 
in detail with the histological behaviour of this membrane in different corneal 
affections, among them keratitis bullosa, but the authors report no personal case 
of Fuchs’s epithelial degeneration. 
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OCULAR ASPECTS OF ELECTROMYOGRAPHY*+ 


BY 


SIDNEY I. DAVIDSONt 
Midland Centre for Neurosurgery, Smethwick, Birmingham 


THE purpose of this paper is to provide simplified concepts of the principles 
of electromyography, as applied to the extra-ocular muscles, in the hope of 
encouraging more frequent recourse to this diagnostic procedure. No 
apology is made for this simplification as it is felt that previous publications 
on electromyography of the extra-ocular muscles have been too technical 
and that this has discouraged their perusal and, thereby, their practical 
application. Electromyography is of real value to the practising ophthalmic 
surgeon. It is not suggested that all ophthalmologists should practise 
ocular electromyography, but that appropriate cases (as indicated below) 
should be referred to centres where diagnostic electromyography is per- 
formed under the surveillance of an ophthalmologist. 

The technique of electromyography of the extra-ocular muscles (see 
Bjork and Kugelberg, 1953; Breinin and Moldaver, 1955; Marg, Jampolsky, 
and Tamler, 1959) is not described, since this paper is concerned with the 
practical applications of ocular electromyography. However, it is felt that 
the value of percutaneous sampling of the levator palpebrae superioris and 
inferior oblique muscles should be emphasized. (This is done in the former 
muscle by inserting the needle obliquely upwards through the upper palpebral 
furrow when the eye is looking down; the inferior oblique muscle is sampled 
by pushing the needle through the skin at the medial edge of the lower lid 
just above the orbital margin.) It often suffices in apprehensive adults and 
children to examine these muscles. 


Principles 
The motor unit (Fig. 1, opposite) consists of the nerve cell, axon, and 
muscle fibres innervated by the branching of the axon (Sherrington, 1929). It 
should be noted that, in Fig. 1, one nerve fibre is innervating five muscle fibres, 
for in the extra-ocular muscles, the nerve muscle fibre ratio is approximately 
1:5-10 (Tergast, 1873; Bors, 1926), compared with a ratio of 1:150 in 
skeletal muscle (Eccles and Sherrington, 1930). In electromyography, the 


electrical potentials created by the muscle fibres contracting in response to 
a nerve impulse arriving at the motor-end plates are recorded. An electrode, 





* Based on a paper read at the my gS” mamma of the British Orthoptic Society at Liverpool, on July 23, 1959. 


t+ Received for publication August 8, ! ; 
t Now at the Birmingham and Midland Eye Hospital. 
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Fic. 2.—Concentric electrode. 


Fic. 1.—Normal motor unit. 





a modified hypodermic 
needle (Fig. 2), is used 
to detect these poten- 
tials; a fine wire runs 
down the lumen insu- 
lated from the rest of 
the needle which is 
then described as a 
concentric electrode 
(Adrian and Bronk, 
ON 1929). 
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When inserted in the muscle (see Fig. 1), this electrode detects the electricai 
potentials from the contracting muscle fibres. 

Such electrical potentials have a very small voltage and have to be measured 
in micro-volts.* These measurements are amplified electronically and are 
then passed to a cathode-ray tube where they become visible to the observer 
as a series of varying waves (Fig. 3). Another cathode-ray tube (recording 
the same waves) is attached to a camera so that the action potentials may be 
permanently recorded to allow accurate assessment at leisure. It is advan- 
tageous to amplify the action potentials and render them audible by means 
of a loudspeaker, for, besides the insertion potentials provoked by pushing 
the needle into the muscle, various disorders of function are more readily 
recognized by the characteristic sound of their electrical activity, e.g. the 
sharp click of fibrillation. 


1 eee , p Pha? “ / re P; A oe 
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Fic. 3.—E.M.G. of right 
levator palpebrae superioris 
on upward gaze. Normal. 

The sine-wave represents 
time and voltage, the wave- 
length being equivalent to 
10 m.sec. and the amplitude 
100 pv. 


The Normal Motor Unit 

Since the nerve-fibre/muscle-fibre ratio is large as compared with that of 
skeletal muscle, the action potentials are of low voltage and of short dura- 
tion, but in other respects (mono- or biphasic contour) they resemble those 
obtained from limb muscles (Fig. 4, opposite). Bjérk and Kugelberg (1953) 
found an average amplitude of 20-15Quv. and a duration of 1-2 m.sec.f for 
normal action potentials, and observations at this centre concur with these 
findings. However, on occasion, the rather large potentials of 300-400yv. 
obtained by Breinin and Moldaver (1955) and recorded by them as normal 
have been obtained. 


* 1 millionth of a volt = IuV. t+ One-thousandth of a second = 1 m.sec. 
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Fic. 4.—E.M.G. of levator 
palpebrae superioris in a 
case of Marcus Gunn 
phenomenon. 

A No action potentials 
on attempted elevation of 
the lid. 

B Single motor unit fir- 
ing on movement of the 


jaw. 
C Increased frequency 

of firing as jaw movements 

become more rapid. 


In skeletal muscle no action potentials are recorded at rest, but in the 
extra-ocular muscles there is a constant production of action potentials in 
the primary position which disappear in deep sleep, anaesthesia (Breinin, 
1957a), and on severance of the muscle tendon from the globe (Breinin, 
1957b). This latter finding is attributed to the relaxation of the muscle 
spindles described by Cooper, Daniel, and Whitteridge (1955). 


Lower Motor Neurone Lesions 


Mild paresis of the extra-ocular muscles, caused by lower motor neurone 
lesions, cannot be recognized electromyographically, for there is no apparent 
reduction in the number of action potentials (Fig. 5). 


Fic. 5.—E.M.G. during up- 
ward gaze of left levator 
palpebrae superioris of same 
nay | a / ; ; patient a “4 Bt a go 

EWI VAG AY ty AS NAAN AV a aS | patient levelo an 
wed BY Ma A MNS, ate incomplete left ptosis and 
paresis of left medial rectus 
of unknown aetiology after 
an operation for retinal de- 
tachment in the left eye. 


oO An apparently normal trace. 
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In more severe ocular nerve lesions, a reduction in the number of action 
potentials is caused by the loss of motor units, the duration remaining 
unaltered and the amplitude being usually decreased. 
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Lower motor neurone palsy, resulting in denervation, is characterized 
electromyographically by fibrillation potentials (Fig. 6), which result from 
the irregular and spontaneous contraction of single muscle fibres, attributed 

to the sensitivity of 
the denervated mus- 
cle fibre to minute 
amounts of circula- 
ting acetylcholine 
(Denny-Brown and 
Pennybacker, 1938). 


Fic. 6.—Fibrillation _ po- 
tentials recorded from 
orbicularis oris in a patient 
with a facial palsy follow- 
ing sacrifice of the seventh 


nerve during removal of an 
acoustic neuroma. 


The extra-ocular muscles also give rise to fibrillation potentials on denerva- 
tion, but these are difficult to recognize since they may easily be confused 
with single motor unit 
firing. 

A paralysis which 
clinically appears total 
often shows action 
potentials on the 
electromyogram (Fig. 

7). 
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Fic. 7.—E.M.G. of levator 
palpebrae superioris of a 
patient with a clinically total 
third nerve palsy from a 
posterior communicating 
aneurysm. Action potentials 
are present, though ab- 
normal. 
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The course of re-innervation of a muscle may be followed by electromyo- 
graphy, for recovery of function can often be anticipated by the gradual re- 
appearance of action potentials which are evident long before any movement 
is clinically apparent. 

Attention has been drawn to the infrequency with which long-duration, 
high-voltage polyphasic potentials are obtained from the extra-ocular 
muscles in patients recovering from denervation affecting these muscles 
(Bjork, 1954; Breinin and Moldaver, 1955; Marg and others, 1959). This 
is in marked contrast with the findings in patients recovering from com- 
parable lesions affecting the limb muscles. An explanation of this dis- 
crepancy may be found in the morphological basis for these polyphasic 
potentials suggested by Coérs and Woolf (1959). These authors draw 
attention to the increasingly high voltage and temporal dispersion of the 
potentials encountered in the more proximally situated lesions, e.g. in 
poliomyelitis and motor neurone disease. The increased distance between 
lesion and muscle gives correspondingly increased opportunities for col- 
lateral branching within the nerve trunk, and consequent enlargement of 
the motor unit pool. At the same time differential delays in the arrival of 
impulses at the end plates, consequent on variation in the maturity of the 
axonic sprouts, will be correspondingly magnified (Fig. 8, overleaf). In the 
eye muscles, however, the motor nerves are so short and the normal nerve- 
fibre/muscle-fibre ratio so large that there is far less scope either for develop- 
ment of greatly enlarged motor units or for differential delays in conduction 
within those units. 

Breinin (1957c) has made the interesting observation that diabetic neuro- 
pathy, producing an extra-ocular muscle palsy, results in minimal electrical 
activity in the affected muscle, and that this electrical silence often persists 
for more than 2 weeks in contradistinction to the appearance of fibrillation 
potentials after 2 weeks when denervation follows pressure from aneurysms 
or trauma. This may be a reflection of the tendency. for the disease to 
remain halted at the end plate as shown by Coérs and Woolf (1959) in vitally- 
stained muscle biopsies from the limbs. 

It is clear that electromyography has a limited application in the assess- 
ment of extra-ocular muscle paresis and cannot help in the important 
sub-group of mild paresis. 


Diseases of Muscle 


Electromyography is of undoubted value in the diagnosis of ocular 
myopathies. Only muscle biopsy can rival electromyography in providing 
the answer to difficult clinical problems, but it is easier, and more desirable, 
to obtain an electromyogram. 

Fig. 9 (overleaf ) illustrates the motor unit in a case of ocular myopathy— 
the number of muscle fibres in the unit is reduced and the muscle fibres 
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NERVE TRUNK LONGER 
THEREFORE MORE BRANCHING 


AND INCREASED DELAY 
IN CONDUCTION 


ARROWS INDICATE SITES 
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Fic. 8.—Denervation—skeletal muscle. 
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Fic. 9.—Myopathy. 


that remain are abnormal. This causes the action potentials to be of low 
voltage and short duration. Fig. 10 shows the potentials of normal, 
myopathic, and fibrillating muscle to the same scale. 


loo 
uv. \W WY 
Fic. 10.—Action potentials at the 


same scale. NORMAL MYOPATHY FIBRILLATION 








lOm. sec. 


Electromyography has provided final evidence for the contention that 
chronic progressive nuclear ophthalmoplegia is due to a myopathy of the 
26 
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extra-ocular muscles rather than to a nuclear degeneration (Breinin, 1957d; 
Esslen, Mertens, and Papst, 1958; Papst, Esslen, and Mertens, 1958) as 
suggested by Kiloh and Nevin (1951). All suspected cases should have the 
diagnosis confirmed by electromyography (Fig. 11). 


Fic. 11.—E.M.G. of lateral rectus 
during attempted abduction by a 
Bild ol ma ae NAG Seta : U patient with chronic progressive 

iv ; De raved ; nuclear ophthalmoplegia. Eyes 
practically immobile. Trace 
shows low-voltage short-duration 
potentials. 





Myasthenia gravis is a condition which often presents great difficulty in 
diagnosis both to the ophthalmologist and the neurologist. Even after the 
intravenous injection of ‘“Tensilon” (3-hydroxyphenyl, dimethyl-ethyl 
ammonium chloride), which temporarily rectifies the curare-like block at 
the myo-neural junction, the normal motility of the globe may not return. 
However, an electromyograph taken within 2 minutes of the intravenous 
injection of “Tensilon” will show an undoubted increase in the size and 
frequency of the action potentials, although the functional improvement 
may be minimal. Fig. 12 (opposite) is an electromyogram of the levator 
palpebrae superioris of a myasthenic patient before and after intravenous 
“Tensilon” injection. 

Disturbances of Motility 


Breinin and Moldaver (1955) have shown, in two cases of intermittent 
exophoria, that the divergence occurred as a result of increased amplitude 
and frequency of the action potentials in the lateral rectus, i.e. divergence 
is an active process. However, this finding has been criticized by Jampolsky, 
Tamler, and Marg (1959) on the grounds that recordings should have been 
taken from the horizontal recti of both eyes simultaneously, and not from 
the horizontal recti of the diverging eye only. 

Vertically incomitant horizontal strabismus, the A and V syndrome of 
Urist (1951), has been investigated by Breinin (1957e). His studies appear 
to support the suggested importance of the lateral recti in upward gaze and 
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Fic. 12.—E.M.G. of leva- 
tor palpebrae superioris. 

A Attempted elevation 
of lid before ‘‘Tensilon”’. 

B, C, D Traces taken at 
20-sec. intervals after 
“Tensilon”. Note early 
fatiguability manifest in C 
* <= 
of the medial recti in downward gaze in the production of these phorias. 
In the few cases in which the horizontal recti were shown by electromyo- 
graphy to be unaffected during vertical movements, the vertical muscles 
might be considered to be at fault. In this way, an indication may be 
provided whether the vertical incomitance should first be corrected by 
surgery of the horizontal or vertical muscles. 

Electromyography is also of value in deciding whether defects of motility 
are due to simple mechanical faults (Bjérk, 1954). For example, in cases 
of trauma (resulting in fracture of the orbital floor or haemorrhage) or 
tumour (producing a displacement of the globe), the electromyogram will 
appear normal, indicating a mechanical rather than a neurogenic origin for 
apparent muscle paresis. 

Congenital affections of the extra-ocular muscles may give rise to diffi- 
culties in diagnosis and in these conditions electromyography can be useful. 
In the superior oblique tendon sheath syndrome, even a struggling infant 
can be examined, for insertion of the electrode percutaneously will find the 
inferior oblique muscle. This will induce a Bell’s phenomenon and thus 
ensure good firing of the action potentials, which should be normal if the 
diagnosis is correct, thus confirming the mechanical aetiology of the failure 
of elevation. 
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Cases of Duane’s retraction syndrome are amenable to investigation 
with electromyography; it has been confirmed in such cases that the latera! 
rectus does not function normally, for almost no action potentials can be 
recorded on attempted abduction. Moreover, widening of the palpebral 
fissure is accompanied by an increase of action potentials in the levator 
palpebrae superioris (Breinin, 1957f). 

Although the practical applications of electromyography of the extra- 
ocular muscles have obvious limitations, the following remarks on the 
electromyography of skeletal muscle (Gilliatt, 1957) can now be applied 
to the extra-ocular muscles: 


“It is dangerous to prophesy, but one future trend is clear. In the past, clinical 
application of electromyography has been hindered by the complexity of apparatus 
required, and the investigation has usually been carried out by electrophysiologists 
in specially equipped departments. A steady simplification of recording apparatus 
is taking place, and commercial instruments are already being designed for those 
who have no special knowledge of electronics. As this process continues and 
suitable apparatus becomes available, it is likely that diagnostic electromyography 
will be performed increasingly by clinical neurologists themselves”. 


Summary 


Simplified principles of electromyography of the extra-ocular muscles 
are presented. The information that can be gleaned by electromyography 
in lower motor neurone lesions, diseases of muscle, and disturbances of 


motility is outlined. 
An explanation is offered for the rarity with which polyphasic potentials 


are recorded in the extra-ocular muscles during recovery from denervation. 


I am indebted to Dr. A. L. Woolf for the help and advice he has given me and for allowing 
me full access to his laboratory. Figs 1, 8, 9, and 10 are modified drawings of unpublished 
sketches made by Dr. Woolf. I should also like to express my gratitude to Mr. M. J. Roper-Hall 
for his interest, encouragement, and constructive criticism. I am grateful to Mr. G. Gasser, 
Mr. D. Hayward, and Mr. D. Price for technical assistance. 
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VITAMIN DEFICIENCIES IN RELATION TO THE EYE* 


BY 
MEKKI EL SHEIKH 
Sudan 
VITAMINS are essential constituents present in minute amounts in natural 
foods. If these constituents are removed or deficient such foods are unable 
to support nutrition and symptoms of deficiency or actual disease develop. 

Although vitamins are unconnected with energy and protein supplies, yet 
they are necessary for complete normal metabolism. They are, however, not 
invariably present in the diet under all circumstances. Childhood and 
periods of growth, heavy work, childbirth, and lactation all demand the 
supply of more vitamins, and under these conditions signs of deficiency may 
be present, although the average intake is not altered. 

The criteria for the fairly accurate diagnosis of vitamin deficiencies are 
evidence of deficiency, presence of signs and symptoms, and improvement on 
supplying the deficient vitamin. 

It is easy to discover signs and symptoms of vitamin deficiencies, but it is 
not easy to tell that this or that vitamin is actually deficient in the diet of a 
certain individual, unless one is able to assess the exact daily intake of food, 
a process which is neither simple nor practical. 

Another way of approach is the assessment of the vitamin content in the 
blood or the measurement of the course of dark adaptation which demon- 
strates a real deficiency of vitamin A (Adler, 1953). Both tests entail more or 
less tedious laboratory work which is not easy in a provincial hospital. 

Response to the supply of the deficient vitamin or vitamins, on the other 
hand, is a simple reliable test, which I have used in my first series of 670 cases, 
which I have seen and followed up as in-patients and out-patients in the central 
hospital at Wad Medani. 

In my second series, consisting of 595 cases, mostly schoolchildren, seen 
during a survey in some of the Gezira villages, my diagnosis was based on 
definite clinical signs alone. 

Vitamin deficiency is usually multiple and may at times be associated with 
general sub-nutrition and an unbalanced diet. It is customary to consider 
each vitamin with its specific manifestations separately, although there is 
really no sharp demarcation between one vitamin deficiency and the 
other. Xerophthalmia, for instance, is generally associated with rickets in 
cold climates. In Barlow’s disease there is frequently co-existence of both 
scurvy and rickets in the same child. Avitaminosis-B is hardly ever seen in an 

isolated form. The whole symptomatology and clinical picture are so closely 
associated and interwoven that, at the best, one can say with certainty that the 
deficiency of one vitamin predominates (Sheldon, 1955; Davidson, 1956). 
Vitamin A 
Of all vitamins described so far, vitamin A is the most important as far as 


* Received for publication May 22, 1959. - 
406 














VITAMIN DEFICIENCIES IN RELATION TO THE EYE 407 


ocular pathology is concerned. In fact ocular symptoms and signs dominate 
over all general manifestations of the vitamin deficiency, and are so charac- 
teristic that they are unlikely to be missed even by the novice. 

It is interesting to note that, contrary to the general belief, most of the 
members of my series are children and not young adults and there are more 
females than males. 

The three cardinal features (xerophthalmia, keratomalacia, and night blind- 
ness) were manifested in my two series totalling 1,265 cases in varying propor- 
tions. Keratomalacia was almost completely restricted to infants and very 
young children, most of them emaciated and marasmic, and all of them in 
the ulceration and perforation stages. 

55 such cases (4-3 per cent.) were seen in hospital during a period of 3 years; 
some of them died in hospital and, of the survivors, none had a residual 
sight of more than perception of light. It is very likely that in some of the 
patients in this series the deficiency disease did not result primarily from 
insufficient supply of vitamin A, but from defective absorption due to 
neglected gastro-intestinal derangement and other debilitating conditions. 
This opinion is based on their conditions at the time of coming to hospital 
and the history given by their parents. 

Xerophthalmia with and without night blindness was seen in 409 cases 
(32-33 per cent.), the majority again being female children and young adults. 
Bitot’s syndrome, comprising the characteristic triangular epithelial xerotic 
spots and defective vision at night, was present in various degrees of severity. 

Epithelial xerosis of the whole bulbar conjunctiva, converting it into a 
lustreless dry insensitive sheet, was seen in 38 cases, and extension of the 
xerotic process to the cornea giving rise to epithelial corneal xerosis, partial 
and complete, was seen in 23 cases. Of the latter, nine cases, presented with 
complete mummification of both corneae (Fig. 1), and another patient (a girl 

aged 14) showed a completely mummified left cornea 
and a densely vascularized right cornea (Fig. 2). 


Fic. 1,—Marked conjunctivo- Fic. 2.—Advanced corneo-conjunctival xerosis of left eye 
corneal xerosis with complete with heavy vascularization of right cornea. 
mummification of the cornea. 

Note phrynoderma of face. 


This I consider a good example of the multiple nature of the deficiency, 
because this patient responded favourably to treatment with vitamin B-com- 
plex which is blamed, with some validity, for the production of vascular 
keratitis (Trevor-Roper, 1955; Sorsby, 1951). 
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In studying these cases I have considered and carefully eliminated causes 
other than deficiency, e.g. trachoma, injury, and ocular pemphigus. It is 
doubtful whether these conditions have anything to do with deficiencies, but 
it has been suggested that local disturbances of the supply of vitamin A to the 
conjunctiva may be a causal factor, although the light sense and the vitamin 
content of the blood may be normal. 

How much truth there is in this statement I cannot tell, but I find it plau- 
sible for the following reason: it is known that vitamin A can be formed 
from its precursor, carotene; this occurs through the intestinal mucosa, but 
it has recently been found that such conversion is also possible in the seba- 
ceous glands of the skin. It has further been suggested that one of the 
functions of the sebaceous glands of the skin may be the withdrawal of caro- 
tene from plasma and its conversion into vitamin A. Hence, if sebaceous 
secretion is disturbed in any way, too little vitamin A will be available for the 
skin and the deficiency signs such as dryness and hyperkeratosis may thus be 
accounted for. 

The conjunctiva, like skin, has a rich supply of sebaceous glands. In fact, 
certain regions, such as the caruncle and transitional areas like the limbus, 
closely resemble skin. It is reasonable to suppose, therefore, that in trau- 
matism and inflammatory conditions such as trachoma and ocular pemphigus, 
the sebum-secreting structures may be destroyed or disturbed by the resultant 
fibrotic process, and that this may lead to dryness and hyperkeratosis of the 
conjunctiva. 

However, it is not intended to discuss such cases here, nor cases with other 
ocular manifestations such as certain forms of keratitis, especially those of a 
herpetic nature, kerato-conjunctivitis sicca, phlyctenular kerato-conjunc- 
tivitis, epithelial dystrophy, and retinitis pigmentosa which have been attri- 
buted to vitamin A deficiency (Town, 1951) without much evidence. 

Whether vitamin A deficiency in the mother contributes to any degree to 
the production of congenital anomalies and malformations (Sorsby, 1948) 
still remains to be substantiated. However, the following instance, apart 
from being interesting, is decidedly relevant. A woman aged 35, presenting 

with severe signs and symptoms of vitamin A deficiency (Fig. 3) had two 


children with anophthalmos and microphthalmos (Fig. 4). 





Fic. 4.—Congenital anophthalmos and micro- 
The patients’ mother showed 


severe symptoms and signs of vitamin A 
deficiency. 


Fic. 3.—An example of conjunctivo-cornea phthalmos. 


xerosis with extreme skin manifestation ap- 
proaching “* goose skin’”’. 
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Developmental defects may arise at any time from conception to senility; 
it is obvious, therefore, that developmental and congenital anomalies are not 
synonymous. We generally speak of “congenital” defects of the eyes. 
This is justified only because we know that most of the common ocular 
anomalies start before birth, and that gross defects such as anophthalmos and 
congenital cystic eyes arise during the early organogenetic stage, while minor 
defects usually arise later in foetal life (Mann, 1949). 

The causal genesis is not only legion, but controversial. Some of these 
anomalies are purely genetic in origin; others, although genetically deter- 
mined, are environmentally produced. An environment may be nutritional. 
Examples exist in the literature (Adams and Maegraith, 1953) of hereditary 
facial bone deformity produced experimentally in rats, only if the mother is 
deficient in vitamin D. It is thought possible also (Sorsby, 1948) that some 
forms of zonular cataracts may belong to this category. 

Data on the effect of nutritional defect or excess in man are at present 
lacking, and it remains to be authenticated by further research that vitamin 
deficiencies can be causal factors in producing congenital and developmental 
anomalies. 

Night blindness without visible signs was manifested by 245 cases in the 
present series (19-37 per cent.). No investigations such as light sense and 
vitamin content of the blood were carried out; the only valid proofs I have 
were the good response, dramatic in some cases, to vitamin A therapy and the 
elimination of causes of night blindness other than vitamin A deficiency. 
Only 27 patients, all young adults, in whom no discoverable cause could be 
found for the symptom of night blindness, showed no improvement to 
vitamin A therapy. These cases can safely be considered as examples of 
physiological variations in light sense, not to mention psychic factors. 


Vitamin B 


Of ocular changes claimed to be due to avitaminosis B,, mild keratocon- 
junctival lesions, together with symptoms such as smarting and photophobia, 
and visual disturbances including night blindness, were discovered among 
some of the schoolchildren in a survey of two elementary schools at Nuela 
(one of the Gezira irrigated-area villages). 

Altogether, 595 cases were examined and at least 80 per cent. showed 
definite signs of multiple avitaminosis in varying degrees of severity. 

27 cases of retrobulbar neuritis, with no discoverable cause and with signs 
and symptoms of B, avitaminosis, were discovered among adults coming to 
hospital during the same period. In all but one no fundus changes were seen 
and it was only through visual disturbances that the condition was suspected. 
Central and caeco-central scotomata of varying densities, in addition to peri- 
pheral constriction of the visual fields, were manifested by all cases. 
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Response to treatment by vitamin B, and B-complex was disappointing 
in the majority of cases, probably because of the presence of other condition- 
ing factors and because of the fact that they came at an irreversible stage. 

However, only one case of recent origin, showing mild oedema of the 
posterior pole, macular pigmentation, and narrowing of the vessels, responded 
reasonably well to vitamin therapy with disappearance of the signs and 
improvement of the visual acuity and visual fields. 

It is thought that, in conditions of deficiency of vitamin B,, there is prob- 
ably interference with the carbohydrate metabolism of the nerves and the 
central nervous tissue, and that this may be the cause of the polyneuritis 
and acute haemorrhagic lesions that form some of the cardinal symptoms of 
the deficiency of this vitamin. In support of this is the frequent association 
of avitaminosis B, and alcohol which is an established neuro-toxin and 
which impairs the absorption of this vitamin, not only by its damaging action 
on the mucosa of the alimentary canal, but also by its high caloric value as a 
food and, consequently, its augmenting effect on the relative deficiency by 
creating a greater need for the vitamin. 

Nuclear ocular palsies of every type, resulting in irregular bilateral, 
ophthalmoplegias of varying degrees, are also attributed to avitaminosis-By. 
This has received ample confirmation, not only as being true, but also as 
being of a not uncommon occurrence (Duke-Elder, 1949; Sorsby, 1951; 
Trevor-Roper, 1955). . 

One interesting case is worth reporting: 

A chronic alcoholic, 47 years old, had transient diplopia on looking to the left as his sole 
symptom. Examination revealed paresis of the left lateral rectus, the cause of which 
could not be traced. 3 months later, this patient returned with a true picture of sixth 
nerve paralysis and ptosis. Again no cause could be found and treatment by liberal doses 
of thiamine was tried. Shortly after this, the patient started to show signs of improve- 
ment; in about 3 months he became perfectly normal and his partial ephthalmoplegia 
disappeared completely. 

Vitamin B-complex deficiency was much more prevalent in this survey, 
and its outstanding features were obvious in 304 cases (24 per cent.). Angular 
stomatitis, cheilosis, gingivitis, and glossitis were common features. Of the 
ocular symptoms and signs the commonest were blepharitis, kerato-conjunc- 
tivitis, itching and burning, photophobia, and vascular keratitis. The latter, 
rare as it was, responded remarkably well to riboflavin therapy. This may 
lend support to the suggestion that riboflavin deficiency is at least one factor 
in the production of corneal vascularization. 


Vitamin C 
Deficiency of this vitamin was not as common as that of the A and B 
groups, at least as far as ocular pathology is concerned. General signs, 
however, were of commoner occurrence. Frank scurvy of the infantile or 


the adult type was not discovered, but milder signs, such as scorbutic gingi- 
Vitis, scorbutic buds, etc., were among the features frequently seen. There 
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were 62 cases with ocular manifestations (5 
per cent.), and among these the main features 
were conjunctival and orbital haemorrhage 


(Fig. 5). 


FIG. 5.—A spontaneous orbital haemorrhage with other 


manifestations of vitamin C deficiency responding favour- 
ably to replacement therapy assisted by local injections of 


hyaluronidase. 


The rarity of infantile scurvy may be due to the fact that practically all 
infants here are breast-fed; mother’s milk is a rich source of vitamin C, pro- 
vided, of course, that the mother is getting enough of it herself in her food. 

In the hospital cases post-operative haemorrhages occurred only very 
occasionally. This is due partly to the preferential selection of healthier 
patients for operation, and partly to the pre-operative medication given to 
those who showed signs and symptoms suggestive of the deficiency. Rarer 
still were bleeding into the anterior chamber and retinal haemorrhages. 
Only five cases, with severe anaemia in addition, showed retinal haemorrhages 
and three others showed spontaneous hyphaema or oligaemia. 

Response to treatment by a balanced diet and by administering ascorbic 
acid by injections for cases treated in hospital gave much better results than 
those obtained in the other groups of the series. 

Vitamin D deficiency is not common here, and I have not come across a 
single case with ocular changes due to its deficiency. 

Discussion 

Almost as soon as the existence of vitamin A was established, its associa- 
tion with night blindness was suspected, and it was suggested by Parinaud 
(1881) that the poor dark adaptation characteristic of night blindness was 
due to a faulty production of visual purple which is essential for night vision. 
Since vitamin A forms an integral part of the visual purple molecule, it is 
easy to understand why the absence or deficiency of vitamin A should result 
in night blindness. In other words, night blindness due to vitamin A defi- 
ciency is curable, because it is caused by the inadequate production of visual 
purple in otherwise healthy rods, whereas simple congenital night blindness 
and the form that characterizes the early stages of retinitis pigmentosa are 
incurable because they are due to an abnormality of the rods themselves 
(Haessler, 1953). 

Of the vitamin B-complex group, two members seem to be concerned’ with 


.the metabolism of visual pigments, namely nicotinamide and riboflavin. 


In support of this is the experimental evidence that visual purple can be 


synthesized in vitro from a mixture of vitamin A; dehydrogenase (which 
contains nicotinamide), cozymase (which contains riboflavin), and protein 
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from the retinal rods. Dehydrogenase, with cozymase acting as a co-enzyme, 
oxidizes the vitamin A to its aldehyde (retinene), which combines with prc- 
tein to form visual purple. 

If this applies to man as well—and in all probability it does—then the blame 
for night blindness should be put not on deficiency of vitamin A alone, but 
also on deficiency of the B-complex group. 

The importance attached to riboflavin for maintaining corneal trans- 
parency also finds support from laboratory experiments only, and for this 
reason the absence of riboflavin is not accepted as a specific cause for corneal 
vascularization. Being an avascular structure, the cornea is devoid of any 
mechanism which increases its oxygen supply at need. Any condition which 
upsets its metabolism tends to evoke vascularization, as the extra requirement 
of oxygen cannot be made directly from air and ocular fluids. Further, 
cataract has been claimed to be produced experimentally in rats deficient in 
riboflavin (Sorsby, 1951), but there is no real evidence to support this in man, 
and the appearance of cataract, at any rate, has not been proved to be linked 
to riboflavin deficiency. 

Regarding vitamin C, the role it plays in the oxidation-reduction system 
of the lens cannot be denied. The high concentration of vitamin C in the 
lens and aqueous humour gives plausibility to the suggestion that this sub- 
stance is concerned in the lens metabolism. (Davson, 1949; Duke-Elder 
and Goldsmith, 1951; Adler, 1953). An argument for this is the disappear- 
ance of ascorbic acid and its ally (glutathione) from cataractous lenses, 
although cataract is not a symptom of scurvy and vitamin C is not a treatment 
for cataract. 

An important relevant factor among the 595 schoolchildren examined 
was anaemia, which may not only have added to the severity of the deficiency, 
but may also have constituted an important causal factor in the visual distur- 
bances in some of the cases. 

Lack of staff and adequate equipment, again, made it necessary to estimate 
haemoglobin percentages only. None of these boys and girls had a value 
above 80 per cent. and readings as low as 30 per cent. were not uncommon. 
An average of the haemoglobin content was 60 to 65 per cent. (Table I). 

TABLE I 
TOTAL NUMBER OF CASES EXAMINED, 556 





Haemoglobin Content (per cent.) No. of Cases Percentage 





80—70 168 30-15 
70—60 246 44-5 
60—50 | 84 15 
50—40 12 
Less than 40 | 46 
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Schistosomiasis, which is endemic in this part of the Sudan, was another 
potent factor not to be overlooked. It is certainly responsible for secondary 
avitaminosis brought about by the resultant digestive disorder, debility, and 
anaemia in some of the cases. (Table II). 


TABLE II 
TOTAL NUMBER OF CASES EXAMINED, 515 





Type of Infection | Number of Cases | Percentage 
| 
6 





Schistosoma haematobium Se a vs 30 





Schistosoma mansoni ai Br ae ad 48 9 


Mixed ‘a te ag se ae as 5 1 














Considering the results of these limited laboratory investigations, one 
cannot but attribute considerable importance to anaemia and schistosomiasis 
as conditioning factors, because it can hardly be a matter of chance that they 
should co-exist with severe manifestations of avitaminosis in practically every 
case examined. 


= 


Summary 


(1) The results of a survey for ocular manifestations of vitamin deficiency 
in the Gezira-irrigated area, Blue Nile Province, are given. 

(2) The series consisted of 1,265 patients. Of these 670 were seen in the 
central hospital of the area at Wad Medani and 595 at some villages inside 
the Gezira scheme. 


(3) Typical signs and symptoms of multiple avitaminosis were discovered 
in 85 per cent. of the total number of cases examined. 


(4) The commonest deficiency was that of vitamin A (56 per cent.), next that 
of the vitamin B-group (24-0 per cent.), and last that of the vitamin C 
(5 per cent.) (Table III). 

TABLE III 
TOTAL NUMBER OF CASES EXAMINED, 1,265 





Nature of Deficiency Number of Cases Percentage 





Multiple vitamin deficiency ee oa is 1075 86 





Vitamin A deficiency predominating .. ee: 709 56 





Vitamin B-Group deficiency predominating .. 304 24 











Vitamin C deficiency predominating .. sia 62 5 
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(5) Vitamin D deficiency is not common here, and no case with ocular 
changes due to deficiency of vitamin D was discovered. 


(6) The local disturbance of vitamin A to the conjunctiva as a cause of 
non-deficiency xerotic conditions, such as trauma, trachoma, and ocular 


pemphigus is discussed. 


(7) The relation of vitamin deficiencies to congenital anomalies and mal- 
formations is discussed. 


My thanks are due to Dr. K. A. Ramadan, Province Medical Officer of Health, Gezira-irrigated 
Area, for his kind permission to allow this survey to be made in his area, to Dr. I. A. Hussien, 
Province Medical Officer of Health, Blue Nile Province, for his personal help-and for provision of 
all facilities, including transport and laboratory and other equipment, and to Dr. N. A. Mageed, 
Physician to Wad Medani Civil Hospital, for his valuable work of elicitation and clinical evaluation 
of the general deficiency manifestations. 

I am also indebted to Sayed A. E. Tigani, Senior Public Health Inspector, Gezira-irrigated Area, 
for the trouble he took in gathering data on the nutritional state of the villages surveyed and for 
taking an active part by measuring the weights and heights of all children. 

To Sayed A. Dusuki, laboratory technician to Wad Medani Hospital, and to his colleagues my 
thanks are extended for their well-done estimations of haemoglobin and examinations of urine and 
stools in almost 600 cases. 

Finally, I am grateful to the Headmaster, Headmistress, and Staff of the Village schools for 
willingly and whole-heartedly assisting in the organization and smooth running of the work. 
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EFFECT OF NEPTAZANE ON INTRA-OCULAR PRESSURE 
IN RELATION TO ITS SYSTEMIC ACTION AND ITS 
CLINICAL APPLICATION*+ 


BY 


DOROTHY A. CAMPBELL 
Research Department, Birmingham and Midland Eye Hospita. 


OPHTHALMOLOGISTS are already familiar with the clinical use of Diamox for 
the reduction of intra-ocular pressure in both acute and chronic cases of 
glaucoma. It is therefore of considerable interest to find a second com- 
pound, Neptazane, of close chemical relationship to Diamox which is a 
possible alternative or substitute particularly for cases which fail to respond 
to Diamox or which develop unpleasant side-effects. 

Neptazane is already being used therapeutically in America and its 
clinical effects have been reported by Becker (1957). Its immediate effect 
on intra-ocular pressure is said to be slower and less dramatic than that of 
Diamox and in short-term therapy it was found to be effective in a smaller 
percentage of patients (68 as compared with 83 per cent.). It appears to 
be particularly suitable and equally as effective as Diamox for long-term 
therapy. It provokes very few unpleasant side-effects, paraesthesia, drowsi- 
ness, and gastro-intestinal disturbances being much less common than after 
Diamox. No instances of ureteral colic have been recorded in spite of the 
fact that it is excreted slowly. It is effective in smaller doses, 125 mg. 
Neptazane being regarded as equivalent to 250 mg. Diamox, although this 
alone offers no particular reason for its preferential use. The optimum dose 
has been cited as 100 mg., two or three times daily, very little benefit being 
obtained with larger or smaller doses. 

The pharmacological action of Neptazane has been well demonstrated by 
Sisson and Maren (1956) and Maren (1956) (see also unpublished Lederle 
reports, 1958). Like Diamox it is a carbonic anhydrase inhibitor with an 
in vitro action 1-6 times that of Diamox. It penetrates well into the aqueous 
humour and prqmotes an immediate diuresis and excretion of electrolytes. 
In the dog, during the first 6 hrs, there is an increased loss of sodium, potas- 
sium, and bicarbonate and a rise in the urinary pH which ceases in 18 hrs 
after a single dose of 5 mg./kg. 





* Received for publication September 9, 1959. 
t This paper was delivered at the Joint Meeting of the _— Epttenceest Society and the Section of Ophthal- 


mology at the Royal Society of Medicine at Belfast, in May, 1 
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In man Neptazane reaches its maximum concentration in the blood within 
3 to 6 hrs after a dose of 5 to 7:5 mg./kg. Renal clearance is 4 to 8 times 
slower than that of Diamox and 24-hr recoveries from urine were only 
15-19 per cent. of the dose. It has been estimated that 43-58 per cent. of 
a small dose is metabolized. 

In man the 24-hr urinary loss of sodium and potassium is said to be 
greater than after a comparable single dose of Diamox (Lederle). The 
urinary citrate excretion is, however, not depressed. 

It is still an interesting matter for discussion and one of great physio- 
logical interest whether these carbonic anhydrase inhibitors such as Diamox 
or Neptazane lower the intra-ocular pressure by diminishing the formation 
of aqueous humour (Becker and Constant, 1955; Langham and Lee, 1957; 
Langham, 1958) as the result of suppressing the formation of bicarbonate 
ions (Becker, 1956), or whether their effect on the eye is secondary to the 
osmotic changes in the blood induced by diuresis and by the loss of cations 
particularly of sodium. 

Langham (1958) has recently compared the specificity and comparative 
activity of the two compounds with regard to their action on intra-ocular 
pressure. 

In rabbits and cats, Neptazane was two to three times more active than 
Diamox in lowering the intra-ocular pressure, and it also caused an imme- 
diate and concurrent decrease in the rate of formation of aqueous humour. 

Neptazane was also effective in man, and Langham found that single 
doses of 250 and 125 mg. depressed the intra-ocular pressure for a minimum 
of 20 hrs and 12 hrs respectively. His records in human subjects were, 
however, obscured by the concurrent use of miotics. 

By comparison with allied chemical compounds, Langham also demon- 
strated that the specificity of the action of Neptazane and of Diamox upon 
the eye depended on the presence of a free sulphonamide group—which is 
essential also for carbonic anhydrase inhibition. 

Having full regard to the observations which have already been carried 
out upon the action of Neptazane, it appeared highly desirable to explore 
the relationship between its intra-ocular and systemic effects, since this 
proved to be of considerable significance in the case of Diamox and led to 
its wiser therapeutic use. 

As in the case of Diamox (Campbell, Tonks, and Jones, 1956; Campbell, 
Jones, Renner, and Tonks, 1957; Campbell, Renner, and Tonks, 1958), the 
effect of single and repeated doses of Neptazane was investigated in glauco- 
matous patients without the concurrent use of miotics. 

As far as its systemic effects were concerned we had in mind two particular 


problems: 
(a) Whether it induces a state of acidosis, and how long this persists; 
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(b) The possible danger that the body may be drained of electrolytes by 
continuous use of the drug. ; 


The opportunity was taken to compare the action of Neptazane with that 
of Diamox under the same experimental conditions. 


Experimental Procedure 


In order to get a clear assessment of the effect of any drug which lowers intra- 
ocular pressure, we have found by experience that the subject should be at rest 
in bed, or sitting quietly in a chair, and that no miotics should be used. The 
diurnal variation in pressure should be recorded for a preliminary period of 
2 to 3 days, since individual subjects often show a considerable rise and fall which 
tends to lessen with rest. Tonometric readings taken at random as an out-patient 
are of little value—since the peak of the intra-ocular pressure is often never found. 
Therapeutically it is important to know in each individual the time of day at which 
this peak occurs, so that the drug can be administered at the optimum time, i.e. just 
before the peak. 

It is desirable to take additional precautions during such investigations, such as 
keeping the patient on a known diet, low in sodium, and in a state of steady 
hydration throughout the day, knowing for instance that the imbibition of a large 
amount of fluid can affect the intra-ocular pressure. 


Such precautions were observed in these investigations and the same routine was 
adopted as already described in our previous work on Diamox. 


Five volunteer subjects affected with glaucoma were tested each for a period of 
from 5 to 10 days under strictly comparable conditions. In each of these patients 
the angles of the anterior chamber were “‘open” or of medium size. 


Results 


Effects of a Single Dose of Neptazane 


(a) Ocular Response.—It was soon evident from preliminary tests that, 
although a dose of 125 mg. Neptazane can depress the intra-ocular pressure 
for as long as 18 hrs, a single dose of 250 mg. is much more effective in the 


glaucomatous eye. 


The response varied in different individuals (see Fig. 1, overleaf, in which 
each curve is the average response for 2 eyes in each individual). A dose of 
250 mg. Neptazane caused an immediate average fall of 15 mm.Hg during the 
first 4 hrs, and the effect lasted for as long as 43 hrs. There was an interim 
peak in each case at about 19 hrs—following the pattern of the normal 


diurnal excursion. 
27 
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Fic. 1.—Effect of a single dose 
of 250 mg. Neptazane on 
3 intra-ocular pressure. The 
intra-ocular pressure recorded 
is the average of two eyes in 
each individual. 
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(b) Systemic Response.—The effect on the electrolytes of the blood is 
shown in the Table (below). 

Sodium and chloride showed an immediate and noticeable fall and re- 
mained at a low level for 48 hrs and 24 hrs respectively. Sulphates were 
similarly affected for 48 hrs. The bicarbonate was unaffected for the first 
6 hrs, i.e. during the period of rapid fall of intra-ocular pressure, but then 
declined for more than 48 hrs. Potassium, magnesium, and proteins fell 
during the first 6 hrs. Calcium was relatively unaffected and the phosphates 


rose temporarily. 


CHANGES IN ELECTROLYTES OF THE BLOOD AFTER A SINGLE DOSE 
OF NEPTAZANE (250 mg.) * 














Time of : 24 hrs Hours after Dose 
Estimation before 
Dose 0 4 ti 2 4 6 | 24 | 48 
Na 145 145 137 {140 {139 {138 |138 {138 140 
K 45 45 45| 44 | 42 | 45 | 45 | 44 4-4 
Ca 5-4 49 49! 49; 50; 50 | 50] 51 50 
Mg 1:5 1-6 13) 1:4 1:5 1:4 1:6 1:5 1:3 
Plasma 
Electrolytes | HCO; 31 30 30 30 30 30 29 25 27 
(mEq/1.) Cl. 103 101 95 98 98 97 96 ~=|100 102 
Proteins 16°6 17:5 17-1 | 17:2 | 16:3 | 16°8 | 17-4 | 17:4 16 
PO, 2:1 2:1 22) 23 25 | 26 | 2:5 | 2:3 2:4 
SO4 1:2 1:2 09; 09 | 0-9 10 | 0:7 | 08 0:8 



































* Average of three cases 
Na Sodium Ca Calcium S Sulphate Cl Chloride 
K Potassium Mg Magnesium HCO; Bicarbonate Po Phosphates 
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Urinary excretion showed an immediate diuresis and a rise in output of 
sodium and of potassium which coincided with the period of fall in intra- 
ocular pressure(Fig. 2). Theurine was markedly alkaline witha pH above7-0. 
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Fic. 2.—Intra-ocular pressure 
and urinary output after a 
single dose of Neptazane. 


ae eee wwe ee 


— 











420 DOROTHY A, CAMPBELL 


In comparing the 24-hr output after Neptazane with that of the previous 
day, there was a real increase in volume, and in sodium and potassium 


excretion, but the chloride output was unchanged or showed a slight decline. 


In the period of 24 to 48 hrs after Neptazane the urine was acid and its 
volume returned to its predosage level. The output of sodium, potassium, 


and chloride fell to below the predosage level. 


(c) Comparison with Effect of Diamox.—The effect of 250 mg. Neptazane, 
compared with that of 250 mg. Diamox, may be summarized as follows: 


(i) The intra-ocular pressure fell more slowly during the first 3 hrs, but reached 
the same level after 4 hrs as that caused by Diamox (Fig. 3); it remained 


below its initial value for over 24 hrs after either drug. 
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Fic. 3.—Average effect on intra-ocular pressure of a single dose of 
Neptazane compared with a single dose of Diamox. 


(ii) In the blood the changes in sodium, potassium, proteins, and bicarbonate 
followed much the same pattern, the fall in the bicarbonate being Jonger 
delayed after Neptazane than after Diamox. There was a difference in 
the behaviour of the chlorides in the first 6 hrs; they tended to rise after 
Diamox and to fall after Neptazane (Fig. 4, opposite). 








ed. 
ied 


onate 
onger 
ice In 

after 


INTRA- OCULAR 
PRESSURE 


(mm, Hg Schidtz) : 
w w 
. 
] 
4 








NEPTAZANE AND INTRA-OCULAR PRESSURE 


DIAMOX 


407} 250 ™9. 














PLASMA ELECTROLYTES 
( MILLI-EQUIVALENTS PER LITRE ) 
a F 5 @ 
/ 
i 
@ 





"lo 
100 
90° T 1 
30 
25 ‘tae. 
20 
01234567 24 
HOURS 


Fic. 4.—Comparison of the effect of Neptazane and of Diamox on 
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plasma electrolytes in relation to intra-ocular pressure. 
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(iii) The differences in the urinary output (average for three cases in each 
instance) were much more striking than the changes in the blood (Fig.°5). 
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Fic. 5.—Average output of urine before and after Neptazane or Diamox. 


In the 24-hr output the diuresis caused by Neptazane was much less (an 
increase of 33 per cent. as compared with 75 per cent. after Diamox). The 
output of sodium and potassium was much larger (an increase of 90 and 
80 per cent. as compared with 60 and 58 per cent. respectively). 

The output of chloride actually declined by 17 per cent. whereas it increased 
by 110 per cent. after Diamox. 

Although the bicarbonate output was not measured quantitatively it was 
decidedly less after Neptazane than after Diamox. 
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Effects of Repeated Doses of Neptazane 


In order to discover the optimum size and frequency of the dose applic- 
able for continuous therapy, Neptazane was given over a period of several 
days in three individual subjects, as follows (Fig. 6): 


(i) In an initial dose of 250 mg. followed at intervals of 48 hrs by doses 
of 125 mg. (Case 1). 


(ii) In doses of 125 mg. in two subjects at intervals of 24 hrs (Case 4) and 
12 hrs (Case 5) respectively. 
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Fic. 6.—Effect of repeated doses of Neptazane on intra-ocular pressure. 


(a) Ocular Response.—The intra-ocular pressure was adequately con- 
trolled by doses given at intervals of 48 and 24 hrs. It showed an imme- 
diate response to each dose and an overall gradual decline with a lessening 
of the peaks so long as the administration of the drug continued, but began 
to rise again 24 hrs after the last dose. 
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There appeared to be no advantage in giving the drug 12-hrly as opposed 
to 24-hrly (cf. Cases 4 and 5), in fact the overall effect was not so satisfactory. 
The optimum dose appeared to be 125 mg. administered at intervals of 
24 hrs. 

(b) Systemic Response.—Blood analyses were restricted to the more signi- 
ficant constituents—sodium, potassium, chloride, and proteins. During 
each period of fall in intra-ocular pressure there was a corresponding fall 
in sodium, chloride, and proteins (Fig. 7). 
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Fic. 7.—Changes in intra-ocular pressure and plasma electrolytes after 
repeated doses of Neptazane. 
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There was an overall decrease in the level of chloride, proteins, and 
potassium during the 4 days of the test. The daily fluctuations in sodium 
became larger, but the level was well maintained (Fig. 7). 

On each of the first 2 days the urinary changes were substantially the 
same as after a single dose, but thereafter the response declined and the 
urinary volume and output of sodium and potassium reverted to a pre- 
dosage level. Chloride excretion declined steadily from the first day, and 
the urine remained alkaline for a shorter time after each dose (Fig. 8). 
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Fic. 8.—Intra-ocular pressure and urinary output after daily doses of Neptazane. 
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Neptazane given 12-hrly augmented the total daily output of electrolytes, 
especially of potassium. This was regarded as an undesirable feature, since 
it gave no greater control of the intra-ocular pressure. 


(c) Comparison of Effect of Repeated Doses of Neptazane or Diamox.—In 
this instance the effects of a daily dose of 125 mg. Neptazane were com- 
pared with those of a daily dose of 250 mg. Diamox over a period of 3 to 4 
successive days. 


(i) The most striking difference was that, whereas Neptazane could be 
relied upon to maintain a continuous control of intra-ocular pressure and 
in some instances to produce an increasing effect on each successive day, in 
the majority of cases Diamox had a diminishing effect (Fig. 9), unless (as 
was found by previous experience) potassium bicarbonate was given as an 
adjuvant (Campbell, Jones, Renner, and Tonks, 1957). 
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Fic. 9.—Comparison of the effect of repeated doses of 
Neptazane and of Diamox on intra-ocular pressure. 


(ii) The electrolytes in the blood varied in much the same way with the 
difference that no hyperchloraemia, such as occurs after Diamox, was 
observed. 
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(iii) Diuresis tended to decrease after the first day, as did the output of 
sodium and potassium after either Neptazane or Diamox. The output of 
chloride declined markedly after continuous administration of Neptazane 
(Fig. 10). 
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Fic. 10.—Comparison of the effect of 12-hrly and 24-hrly Neptazane 


on output of urine. Day0=Control day. Each daily output is the 
total for 24 hrs. 


Summary 


(1) Effect of Single Dose 


(a) The effect of a single dose of 250 mg. Neptazane on intra-ocular 
pressure is materially the same as that of 250 mg. Diamox, but the action is 
slower and more prolonged. 



















F FFFFTT EFT TR oF 





FSFSSIF FTC ET TIE 






















428 


panying fall in sodium, potassium, chloride and proteins of the blood, 
whereas the fall in bicarbonate does not occur for 6 to 7 hrs. 






DOROTHY A. CAMPBELL 


(b) During the period of fall in intra-ocular pressure there is an accom- 





(c) A moderate diuresis occurs during the same period, and is accom- 


panied by a marked rise in the excretion of sodium and potassium, and a 


decline in the excretion of chloride. 


(2) Effect of Repeated Doses 


(a) The optimum effect on reduction of intra-ocular pressure was obtained 
by the administration of 125 mg. Neptazane at intervals of 24 hrs. There 
was an immediate response to each successive dose and an overall decline 
in intra-ocular pressure which was maintained so long as the drug was 
continued. 

(b) Each dose gave rise to an immediate fall in sodium, potassium, chloride, 
and proteins in the blood, and to an overall decline in all but sodium, the 
level of which was well maintained. 

(c) On each of the first 2 days the urinary changes were the same as after 
a single dose. Thereafter the response declined and the urinary volume 
and output of sodium and potassium reverted to a predosage level. Chloride 
excretion declined from the first day. 

(d) Increased frequency of dosage, e.g. 125 mg. administered 12-hrly, 
gave no better control of intra-ocular pressure and it augmented the out- 
put of potassium. 


(3) Therapeutic Indications for the Use of Neptazane 


There is a close similarity in the action of Neptazane and Diamox on the 
intra-ocular pressure and in their systemic effects. 

The evidence presented in this paper confirms the clinical findings of 
Becker (1957), and it is hoped that it will provide reliable criteria for the 
therapeutic use of Neptazane. 

(i) Owing to its slowness of action, Neptazane is less suitable than Diamox 
for the rapid reduction of intra-ocular pressure in cases of acute glaucoma. 

(ii) A dose of 250 mg. Neptazane is equivalent to 250 mg. Diamox where 
more prolonged action is desired, or in cases which do not respond to 
Diamox. 

(iii) Neptazane is particularly suitable for long-term therapy as, in con- 
trast to Diamox, it continues to be effective, whereas the effect of Diamox 
declines unless it is potentiated by miotics or by the simultaneous adminis- 
tration of potassium bicarbonate. A dose of 125 mg. Neptazane, adminis- 
tered daily, appears to be adequate, but this might be increased to 250 mg. 
given at intervals of 24 or 48 hrs. 
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(iv) The administration of the drug more than once in 24 hrs is undesirable, 
since it increases the bodily loss of potassium, and gives no greater reduction 
of intra-ocular pressure. 

In conclusion, the most noticeable physiological feature of the action of 
Neptazane is the close correlation between the fall in the intra-ocular pres- 
sure with the fall in the electrolytes and their increased excretion. The 
osmotic changes which it causes in the plasma may in fact be greater than 
those which follow the use of Diamox, since the induced diuresis is com- 
paratively less and the excretion of sodium and potassium is higher. 

It would be interesting to investigate more precisely how closely the 
intra-ocular pressure in man responds to osmotic changes in the blood, 
when the latter occur naturally or are induced therapeutically. 

Some very stimulating work on this particular relationship as it occurs 
in rabbits has recently been published by Cole (1959). 


My thanks are due to Dr. A. C. Hempel and to Miss E. Tonks for their clinical and biochemical 
investigations; to Messrs Lederle for a supply of Neptazane; to the Medical Illustration Depart- 
ment of the Institute of Ophthalmology; and to Miss W. Robbins for her clerical assistance. 
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NEW ELECTRORETINOGRAPHIC FINDINGS 
OBTAINED IN CONGENITAL FORMS OF 
DYSCHROMATOPSIA* 


BY 


J. FRANCOIS, G. VERRIEST, anp A. DE ROUCK 
From the Ophthalmological Clinic of the University of Ghent 


INVESTIGATIONS made by Motokawa and Mita (1942), Adrian (1945), 
Gastaut (1949), Johnson (1949), Schubert and Bornschein (1952), Armington 
(1952), Armington, Johnson, and Riggs (1952), Bornschein. (1953), Burian 
(1954), and Auerbach and Burian (1955), and by other investigators, have 
revealed that—under suitable conditions of examination—the human 
electroretinogram (ERG) normally consists of a photopic wave a,, a scotopic 
wave a>, a photopic wave b, (or x), and a scotopic wave b,. Investigations 
made by Wirth (1951), Dodt (1951), Dodt and Wadensten (1954), Heck and 
Rendahl (1957), Heck (1957), and Rendahl (1958) have shown, among other 
things, that the 5,-wave as such is a complex wave, and that the normal 
human electroretinogram also comprises other visible components, such as 
the c-wave, and several off-effects. 

Absence of the b,-wave in cases of complete achromatopsia has been de- 
scribed by Vukovich (1952), Yonemura and Ishizaka (1952), Dodt (1954), 
Wadensten (1954, 1956), Goodman and Iser (1956), Iser and Goodman 
(1956), Bornschein, Goodman, and Gunkel (1957), Heck and Rendahl 
(1957), Elenius and Heck (1957, 1958) and Schappert-Kimmijser (1958). 

Armington (1952) and Schubert and Bornschein (1952) have shown that 
the ERG is virtually normal in deuteranopia and tritanopia, whereas in 
protanopia it is difficult to demonstrate the b,-wave. Heck and Rendahl 
(1957) and Rendahl (1958) have demonstrated, among other things, that the 
b,-wave shows changes, not only in protanopia but also in deuteranomaly 
and deuteranopia. 

In a previous publication (Frangois, Verriest, and de Rouck, 1956), we 
have shown that intermittent stimulation with the aid of a neon light source 
permits a ready dissociation of the components b, and b, in the ERG of 
normal subjects (Fig. 1, opposite), and makes it possible to demonstrate the 
apparent absence of the 5,-wave in protanomaly, protanopia, and typical 
achromatopsia (rod-monochromatism) (Fig. 2, opposite). 





* Received for publication June 23, 1959. 
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Fic. 1—ERG after dark adaptation: responses from a normal subject. 
Neon, various frequencies. 
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Fic. 2.—ERG after dark adaptation: responses from a protanope, from a protanomal 
and from a typical achromat. Neon, various frequencies. 


PRESENT INVESTIGATIONS 


A.—We have so far used this method in investigating ten cases of protan- 
omaly, sixteen of protanopia, eight of deuteranomaly, two of deuteranopia, 
one of tritanomaly, seven of typical achromatopsia, and one of atypical 
achromatopsia (Francois and Verriest, 1959). The eye examined was always 


dark-adapted before examination. The frequency of the stimulation was four 
flashes per second, at which frequency the b;- and b2-wave are best distinguish- 


able (Fig. 1). 
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In cases of deuteranomaly, deuteranopia, and tritanomaly, we obtained 
perfectly normal ERG findings. In the case of atypical achromatopsia, we 
found a b,-wave of subnormal amplitude. 

All cases of protanomaly, protanopia, and typical achromatopsia were 
characterized by apparent absence of the b;-wave (Fig. 2). The amplitude 
of the b2-wave was normal, but its culmination time was longer than that of 
the b,-wave and shorter than that of the b,-wave in normal trichromats. 
The difference was significant, regardless of whether the culmination time 
was measured from the apex of the a-wave (“Culmination Time” in the 
strict sense of the word) or from the light-flash (“Implicit Time” according 
to Bornschein, Goodman, and Gunkel, 1957). 

Comparing normal subjects with protanopes, we found that the difference 
A is highly significant (10 S for the Culmination Time and 6 S for the Implicit 
Time). The differences were also significant when comparing the single 
deflection of protanomals, protanopes, and achromats with the b,-wave in 
normal subjects (Table). 

















TABLE 
: Culmination Time Implicit Time 
Subjects (msec.) aes 
Normal N sj 7 
m 103-5 154-1 
s 6-4 6:4 
Protanomal N 14 12 
and m 69-3 121-6 
Protanopes Ss 9-1 14-6 
Typical N 3 
Achromats m 62 
4=m—nm 34:2 28-8 
Su [Ff 24 3 P 
NIN’ 3-4 4-8 











B.—In a second series of experiments, we studied ERG changes during dark 
adaptation. The entire binocular field of vision was previously submitted 
to white light adaptation (2,000 asb, 5 min., 2,750° K). This was followed 
by registration, during 15 minutes, of the electrical responses to intermittent 
stimulation with a neon light source (four flashes per second). 

Normal subjects show a b;-wave from the onset of registration (Fig. 3, 
opposite). The culmination time of this b;-wave remains constant (32 msec.), 
but its amplitude shows a very slight increase. The b,-wave appears at the 5th 
minute; its culmination time is always above 60 msec. and increases until the 
15th minute. The same holds true for the amplitude of the b,-wave, although 
this sometimes shows a paradoxical diminution which would seem to be 
attributable to local adaptation and does not influence the culmination time. 
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Fic. 3.—ERG during dark adaptation: responses from a normal subject and from a 
protanope. Neon, 4 flashes per sec. 


Deuteranomalous and deuteranopic subjects did not differ from normal 


subjects. Protanomals, protanopes, and typical achromats, however, 
showed a single b-wave which was never split into two components (Fig. 3). 
The amplitude and the culmination time of this wave increased in the course 
of the experiment like those of the normal b,-wave; this single b-wave, there- 
fore, would seem to be essentially scotopic (Fig. 4, overleaf). 


It should be pointed out, however, that: 


(1) The single b-wave was visible from the onset of dark adaptation, 


whereas the normal b,-wave does not appear until the 5th minute; from the 
first minute, the culmination time was 45 msec. in protanomaly and pro- 


tanopia, i.e. considerably longer than the culmination time of the normal 
b,-wave. 


(2) The culmination time of the single b-wave always remained between 
that of the 5,- and the 5,-wave in normal subjects. 


Statistical analysis showed that the differences were significant. At the 
10th minute of dark adaptation, the following culmination times were 
found: 


Normal 5,-wave m=32 msec. s=1-8 msec. N=8 
Normal b2-wave m=95 msec. s=18 msec. N=8 
Single b-wave in protanopes m=67 msec. s=11 msec. N=6 


The culmination time of the b-wave is still shorter in typical achromat- 
opsia (Fig. 4, overleaf ). 
28 
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Fic. 4.—ERG during dark adaptation: modification of the culmination times 


of the b-waves from normal subjects (mean values), from protanopes (mean 
values) and from a typical achromat (singe values). Neon, 4 flashes per sec. 


Discussion 

These experiments have not shown that the b,-wave is in fact absent in 
cases of protanomaly and protanopia, since Heck and Rendahl (1957) 
demonstrated its presence. 

On the other hand, it is certain that the culmination time of the only 
positive deflection seen is decreased in protanomaly, protanopia, and typical 
achromatopsia, as compared with the culmination time of the normal 
b>-wave. 

This decrease in culmination time does not correspond with a change in 
amplitude as in normal subjects (Bornschein, Goodman, and Gunkel, 1957). 
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It must be due either to a collapse between the photopic and scotopic 
mechanisms, or, more probably, to the diminution or absence of the inhibi- 
tion normally exerted on the scotopic mechanism (b,-wave) by the photopic 
mechanisms. 

Elenius and Heck (1957) also accepted this hypothesis to explain the 
differences between the amplitude curves of the b-wave in normal subjects 
and those in achromats during dark adaptation. 

Summary 

It is shown that, by intermittent stimulation with a neon stroboscope 
during and after dark adaptation, it is normally possible to obtain duplication 
of the ERG b-wave into photopic and scotopic components (5; and by). 

The results obtained in deuteranomalous, deuteranopic, and tritanomalous 
subjects were identical to those obtained in normal subjects. 

Protanomals, protanopes, and typical achromats, however, always— 
under similar conditions—showed a single b-wave, of which both the culmin- 
ation time and the implicit time were between that of the two normal com- 
ponents. The differences are statistically highly significant. 

The single deflection seen in these subjects may be regarded as a b»-wave, 
the culmination time of which has been reduced by diminution or absence 
of the inhibitory effect normally exerted by the photopic mechanisms. 

One patient with atypical achromatopsia showed a double b-wave, but 
with a diminished amplitude of the b;-component. 
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NEW METHOD FOR THE CORRECTION OF ENTROPION 
WITH TRICHIASIS BY TARSOTOMY* 


BY 
K. G. HADIJA 
Eye Department, Civil Hospitals, Jinja, Uganda 


For the correction of a shrunken conjunctiva and a misshapen tarsal plate 
by trachomatous scarring, many surgical methods can be used. The main 
aim is to correct the entropion and so eliminate the irritating trichiasis. 
Some of these methods are simple, others more complicated. The majority 
are plastic procedures designed to save tissue, but a few of them are more 
radical in nature. Some are concentrated on the lid margin, and others 
deal with the tarsal plate. Skin or oral mucous grafting may be used on 
the inter-marginal area of the lid, or the tarsal plate may be incised or 
totally removed. In areas where the incidence of trachoma is high and a 
large number of trachomatous cases demand surgical intervention, the most 
practical method is the simplest and quickest. Having in view that the 
modern treatment of trachoma with antibiotics combined with sulpho- 
namides supports the choice of a method which is tissue-saving, I have found 
that the method described below fulfils these requirements, being a simple, 
quick, and tissue-saving procedure. The post-operative treatment is simple 
and does not require any special nursing attention. 


Method 


Anaesthesia.—The patient is lightly sedated pre-operatively. On the theatre 
table, both eyes are cleaned, drops of pantocain-adrenaline are instilled several 
times, and the lid margins are infiltrated with 2 per cent. Sol. Novutox. A dental 
syringe is useful for this purpose. In addition, I usually give a small amount of 
local anaesthetic to the outer canthus to eliminate spasm of the lower lid. 


Surgical Procedure—The Cruikshank lid everter is applied so that it clamps the 
lid skin about 1-2 mm. away from the eye-lashes with one branch, while the other 
plate-like branch lies just above the palpebral sulcus. The everter is then closed 
and fixed to rest on the patient’s forehead; it can be stitched to the towels, or 
fixed in position by a clip. The lid is now ready for the incision, for the upper lid 
conjunctiva is well-exposed and the tarsal plate fully everted (Fig. 1a). The 
incision, with a Bard-Parker knife (Blade No. 15), runs about 1-5-2 mm. from the 
lid margin through conjunctiva and the full thickness of the tarsal plate, starting in 
the region of the lacrimal punctum and ending in the outer corner of the lid. With 
scissors, the tarsal plate is then freed as far as the upper margin (Fig. 1b and c). 
In some cases, one finds the fatty tissue more developed, and this should be excised 
to make the lid thinner and lighter. 





* Received for publication August 8, 1959. 
436 














in 


Ly 
re 
rs 


Or 


st 
he 


nd 
le, 
yle 


tre 
ral 
tal 


the 
her 
sed 

or 


[he 
the 
gin 
ith 
¢). 


sed 





CORRECTION OF ENTROPION 437 


Levator 
netpenee 


Skin 





(a) (b) 





(d) (e) (f) 
Fic. 1 G, b,c, d, e, f).—Steps in the operation, showing the mechanical principle of the method 
described. 


The suturing material is a matter of choice. The stitching of the free tarsal 
margin can start from the skin or from the conjunctiva. When starting from the 
skin, a triangular eye-curved cutting needle, threaded with 2/0 or 3/0 catgut, 
passes just over the line of the eye-lashes through the lid, then through the con- 
junctiva near the free end of the tarsal plate, and back through the lid, coming out 
again just behind the line of eye-lashes (Fig. 1d). Three such sutures are applied, 
one in the outer, one in the middle, and one in the inner third of the lid. 

If a start is made from the conjunctival surface, a double-threaded catgut 
suture is applied in the same way; both needles pass through the conjunctiva first, 
and are then tightened on the skin in the same positions. 

When the sutures have been inserted, the lid everter is removed and the fold 
formed by the Cruikshank everter is stretched with a forceps by gently pulling the 
lid downwards. The effect can be seen at once on the operating table, as the lid 
margin is now slightly everted and the eye-lashes are directed forwards and up 
(Fig. le). The positions on the sutures are shown in Fig. 1(f). 
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Achromycin ointment is then applied, both eyes are bandaged, and the patient 
is able to walk to the ward. 


Post-operative Treatment.—This consists of daily dressing. The first dressing, 
after 24 hours, is carried out by cleaning the lids, applying oc. achromycin, and 
bandaging. The second dressing—48 hours after the operation—consists only of 
cleaning with an application of achromycin ointment twice a day, the eyes being left 
uncovered. This dressing is continued for a further 4 days; on the fifth day the 
stitches are removed, and on the sixth day the patient is discharged. For the 
whole of the time in hospital, the local application of antibiotics is combined with 


systemic treatment by sulphonamides. 


Complications.—During the operation these are few and rare. Sometimes it is 
difficult to evert a very curved lid with a small and shrunken tarsal plate. In other 
cases, when the incision is made, there may be more bleeding than usual and 
ligation is necessary. A thin conjunctiva may be cut by the sutures, and in such 
cases it is safer to take some layers of tarsal plate into the stitch. 

Patients are advised to continue the treatment with achromycin ointment twice 
a day for both eyes for a month, and then to report for a final examination. 

Fig. 2 shows the pre-operative appearance and Fig. 3 the post-operative result 


in the same patient. 





Fic. 2.—Pre-operative aspect. 





Fic. 3.—Post-operative result in the same patient. 


Discussion 
This method is easy, quick, and tissue-saving, and the post-operative 
treatment is simple, and recovery uneventful. The results obtained up to 
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now are most satisfactory, and the cosmetic appearance good, restoring to 
the patient a normal appearance and not leaving the cornea exposed (Fig. 4). 


Fic. 4.—Right eye showing result of tarsectomy (eye-ball too exposed). 
Left eye showing result of tarsotomy by new method (eye almost 
normal in appearance). 


The mechanical effect is achieved by cutting through the scarred area 
and stitching the larger portion of tarsal plate behind the smaller portion 
left on the lid margin, thus everting the lid margin with the eye-lashes. The 
effectiveness of this method is based on this mechanical principle. 

Large numbers of patients have been operated on, and I have been able 
to follow-up most of them for 1 to 3 years since operation, and have found 
them free from trichiasis. The most probable cause of the few failures was 
that the sutures did not retain the tarsal plate in the correct position. To 
overcome this a small additional operation was necessary. 


I should like to thank the Director of Medical Services, Uganda, for permission to pujlish, and 
Mr. E. F. King for his kindness in reading and commenting on this paper. 
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ACUTE MYELOID LEUKAEMIA WITH LEUKAEMIC 
DEPOSIT IN THE ORBIT* 


BY 


B. M. CHATTERJEE AND N. N. SEN 


From the Department of Ophthalmology and the Division of Haematology, Department of 
Pathology and Bacteriology, Institute of Postgraduate Medical Education and Research, S.S.K.M. 
Hospital, Calcutta 


ORBITAL infiltration is fairly common in association with acute or chronic 
lymphatic leukaemia. A bilateral proptosis was observed to occur in 2 per 
cent. of cases of lymphatic leukaemia by Reese and Guy (1933). Myelo- 
genous leukaemia only very rarely gives rise to a similar orbital infiltration 
(Duc, 1937; Wright, 1938; Duke-Elder, 1952). Wright’s case showed a 
hard mass in each orbit projecting beneath the supra-orbital margin in a 
4-year-old Indian child, with fever and a blood picture of acute myeloid 
leukaemia. The following is the report of a case of acute myeloid leukaemia 
with leukaemic deposit in the right orbit only. 


Case Report 
A Hindu male child aged 5 years attended the Ophthalmic Department of the S.S.K.M. 
Hospital, on April 27, 1959, with a history of the right eye being pushed forwards for the 
e wg _____ Jast2 months. There was no other associated symptom 
{ 4 . . 
‘ . either local or general (Fig. 1). 


Ophthalmological Examination.—The right eyeball 
was pushed forwards and slightly sideways and upwards 
with restricted movement in all directions. There was 
neither congestion nor chemosis of the conjunctiva. A 
moderate fullness occupied the entire extent of the 
lower lid. Corresponding to the fullness of the lid, a 
_ hard crescentic mass could be felt just above the inferior 

- orbital margin, extending from the inner to the outer 
ra canthus parallel to the orbital margin. The mass was 
j immobile, slightly irregular, but not tender to the touch, 

ie and spread inside the orbit underneath the eyeball, so 
| hef, that the posterior limit could not be ascertained. The 

/| skin of the lower lid was tense but not adherent to 

we. wore | «the underlying mass. Regional lymph nodes were not 
Fic. 1.—Right eye pushed forward enlarged. The fundus was normal and the vision was 
with moderate fullness of lower pot impaired. 

eyelid. The left eye and orbit were normal in all respects. 





General Examination.—There was no enlargement of liver, spleen, or lymph nodes, 
The air sinuses were normal. There was no fever and the child appeared healthy. 





* Received for publication August 8, 1959. 
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Peripheral Blood 
Red blood cells .. re i Va a os .. 3:2 million/c.mm. 
Haemoglobin .. Pe oy md Se ae .. 9-3 g. per cent. 
Packed cell volume ... sis ze rh se .. 30 ml. per cent. 
Reticulocytes  .. ba $4 a a4 ae .. 0-5 per cent. 
White blood cells a zs ee me met -- 46,000/c.mm. 
“Blast” cells .. a Be oa rast i .. 45 per cent. 
Promyelocytes .. sy! ag Us ‘cs es .. 30 per cent. 
Myelocytes akg Ss be ve a ahs .. 5 percent. 
Metamyelocytes < se = = oi .. 5 percent. 
Monocytoid cells ee Se oe es Aye .. 10 per cent. 
Lymphocytes... i a af zo % .. 5 percent. 

Sternal Marrow 


Bone marrow hypercellular 
Differential marrow cell count (per cent.) 
“Blast” cells eo ee oe ie ee aN .. 80 
Promyelocytes mee a an ve ee pm .. 10 
Myelocytes .. a eee es a oe oe we ee 
Metamyelocytes .. ane < ste ea Rie oe 
Proerythroblasts ae be Ee ae Sg te 
Normoblasts 3-5 
Biopsy from Orbital Mass.— 
The conjunctiva was _ incised 
through the inferior fornix and a 
pale white mass was exposed. It 
was cartilaginous in consistency 
and did not bleed on section. 
Histologically, the tissue showed 
a focal collection of leukaemic 
cells in a fairly dense fibrous 
matrix (Fig. 2). 
Skiagram.—The right orbit 
showed no bony involvement. 


Fic. 2.—Histological section of 

biopsy from orbital mass, show- 

ing focal collection of leukaemic 

cells in a fairly fibrous matrix. 
Discussion 

Acute myeloid leukaemia may manifest itself with diffuse infiltration in 
various organs or very rarely in localized deposits of leukaemic cells. The 
peripheral blood, the sternal marrow, and the new-formed tissue in the 
orbit proved that the present case was a rare instance of acute myeloid 
leukaemia with orbital deposit. 

A rare pathological condition, chloroma, is also known to exist as a 
variant of myeloid leukaemia in which a prominent feature is the deposition 
of greenish-yellow tumour-like masses in the skeleton, especially the skull 
(and orbital regions), the lymph nodes, and the viscera (Sturgis, 1955). 
Orbital involvement by tumour masses giving rise to exophthalmos occurs 
in approximately 50 per cent. of all instances of chloroma (Sorsby, 1951). 
Though some of the patients reported as cases of chloroma had white 
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tumours (Hirschfeld, 1917; Rowe and Hirschboeck, 1922; Pagniez, 
Coste, and Ravina, 1924; Kemp and Williams, 1941), Frost (1937) is cited 
by Tassman (1950) as supposing that the tumour must be green in colour 
in order to be designated a chloroma. Humble (1946) considered that the 
essential feature of chloroma is the green pigment, and Ross (1955) suggested 
that the term chloroma should be reserved for cases showing green pigment. 

Dacie, Dresner, Mollin, and White (1950), described, in a child aged 33 
years, massive peri-orbital infiltration of both eyelids, leading to intense 
swelling in association with acute myeloid leukaemia. Autopsy showed 
enlargement of the kidneys with white infiltrating nodules and infiltrations 
in the pancreas and the gastric mucosa. The case was not classed as one 
of chloroma, obviously because the green colour was absent. Mathur 
(1959) reported four cases of chloroma of the orbit; the tumours in his 
first two cases were green, but the colour of the tumours in the other two 
cases was not mentioned. Hameed, Das, and Agarwal (1959) described 
two cases of acute leukaemia with orbital deposits. Their diagnosis was 
chloroma although the colour of the neoplasm was not mentioned. 

It is apparent, therefore, that, with the same underlying pathological 
condition of the haemopoietic tissue, in certain cases only, the white cell 
deposits and tumour masses are pigmented. It is not clearly understood 
whether a leukaemic deposit in the tissues represents a different phase of 
the same disease as that causing a chloroma, or whether the tumours are 
qualitative variants of acute leukaemia. 


Summary 
A case of acute myeloid leukaemia in a child with leukaemic deposit in 
the right orbit is reported. The differentiation from chloroma of the orbit 
is discussed. 


Our thanks are due to Prof. B. K. Aikat, Director of the Department of Pathology and 
Bacteriology, for the histological report, and to Maj.-Gen. A. K. Gupta, Surgeon Superintendent, 


S.S.K.M. Hospital, for permission to publish this case. 
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BOOK REVIEWS 


Synopsis of Ophthalmology. By W. H. HAVERNER. 1959. Pp. 288, 189 figs. Kimpton, 
London. (50s.) 

This rather unusual book is written with the object of presenting the viewpoint of the 
ophthalmologist to help physicians in the diagnosis and management of eye disease. 

Contents include a chapter on methods of examination, the diagnosis and management 
of injuries, the diagnosis and management of the red eye, medical ophthalmology, neuro- 
ophthalmology, glaucoma, strabismus, uveitis, degenerative diseases, and developmental 
abnormalities. There follows a series of chapters, each a self-contained essay, with such 
titles as ““The meaning of eye symptoms”, “The value of consultation and referral”, 
and ‘‘ Blindness is preventable”’. 

With the exception of one or two diagrams the book is profusely illustrated by excellent 
black and white photographs, many of those of external conditions being of outstandingly 
high quality. The fundus photographs are also good, but possibly might be of less value 
than paintings to a reader not too familiar with ophthalmoscopic appearances. 

All the ordinary eye conditions and some rarities are described, the author clearly 
relishing his task and conveying his enthusiasm. There is much sound common sense in 
such matters as the desirability of testing the visual acuity in cases of eye injury and the 
condemnation of restrictive advice to young myopes. Much attention is given to the 
high incidence of unsuspected glaucoma, and although the description of primary glau- 
coma appears to confuse the open-angle and closed-angle types, this is probably 
deliberate, since the author’s main purpose is to indicate the best means of detection, and 
obviously leaves the academic classification to the ophthalmologist to whom he hopes the 
case will be referred. ‘The reviewer cannot altogether agree, however, with the complete 
omission of closed-angle glaucoma from the chapter on glaucoma, acute glaucoma being 
separately described in the chapter on the red eye. The last chapter in the book seems 
inappropriate in a work designed for physicians since it is obviously intended to be read 
by the lay public. 

There is a useful glossary of ophthalmic terms. 


Physiology of the Retina and Visual Pathway. By G. S. BrinpLey. 1960. Pp. 298, 
65 figs. Arnold, London. (35s.) 

This is a very interesting book. A great deal of thought has gone into what work to 
include (and what to omit), and the author has allowed his selection to be governed by 
topics to which he himself has made not inconsiderable contributions. The style is never 
dull, and when one reads about the eye shouting to the brain (p. 113) the latter roars for 
joy. 

The line drawings are good, the other figures adequate. The nearly faultless biblio- 
graphy is very useful. The subject matter covers no more and no less than the title 
indicates: photo-chemistry, electrical retinal activity, central visual pathways, subjective 
experiments, quantitative aspects of the visual threshold, and colour vision. 

The present reviewer welcomes finding unpublished work referred to in this book: not 
everyone can write several papers on the same experimental result, and the author has 
rightly seen fit to tie in loose ends and so to improve the fabric as a whole. But if the 
fabric is good this does not mean to say that there are not numerous thick threads in some 
places, and thin patches in others. For though the restraint and good sense in the 
selection of topics is welcome, a lack of balance shows up now and then within each topic. 
Thus, where the author discusses controversial points or experiments approached by 
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various workers from different directions respectively, the reader will look in vain for an 
indication that the author’s point of view is not unique in claiming serious consideration. 
Though sincere, this attitude has blinded the author in isolated instances to the existence 
of arguments demonstrably in advance of his own, and may even lead one to wonder 
whether his razor-sharp acumen does not sometimes turn a little blunt (e.g., on pp. 155 
and 183). These and other points, however, fail to detract from the essential merit of 
this book. They even fulfil a useful function in that the very good parts appear to be the 
more attractive. Consequently this book can be recommended to the reader looking, 
not for an objective review, but for an original and highly stimulating account of an able 
worker’s thoughts on his trade. 





Night Vision. By G. E. JAyLe, A. G. OURGAUD, L. F. BAISINGER, and W. J. HOLMEs. 
1959. Pp. 408, 181 figs. Blackwell Scientific Publications, Oxford. (108s.) 

Those interested in this subject will be familiar with the quite outstanding monograph 
“‘La vision nocturne et ses troubles’’ published in Paris in 1950 under the auspices of the 
French Ophthalmological Society. Its main authors were Jayle and Ourgaud and it 
was reviewed in this Journal (Brit. J. Ophthal., 1951, 35, 184). The work here considered 
is a very much abridged version of this monograph, translated by Baisinger and Holmes 
and brought up to date by reference to papers published in the last decade.. A comparison 
of the two books is perhaps inevitable and it can only be said that condensation (to less 
than half the length) has not improved presentation. Apart from being written in 
English, the new work, although comprehensive, is less readable and less interesting than 
the old, lacking, as it seems to, much of the balance and some of the critical discussion so 
ably provided in the longer version. 

This is not to say that it is without value—far from it. In compared. passages all the 
essential information and important references of the old are given in the new, and the 
book will be found excellent for the research worker who wishes a review article, and 
most useful by those interested in the practical problems of vision at dim illumination 
and by clinicians interested in the effects of ocular and systemic disease on mesopic or 
scotopic vision. A drawback will be found in that, for practically all work published 
before 1950, although the author’s name and date are of course given, the reader must 
consult the French monograph for references. The work of the last decade is adequately 
documented but over this period some of the papers quoted in the text are omitted in the 
reference list. 

The main virtue of this abridged presentation is that it makes accessible, in English, at 
least the meat of its illustrious French ancestor. For those who like their flesh dressed, 
for the student who wishes to refer to original work, and for those who read French, and 
for interest as well as for instruction, this volume can be no more than complementary 
to Jayle and Ourgaud’s original monograph. 


Gewebsmechanik und Augenheilkwide. (Tissue-mechanics in Ophthalmology.) By 
K. VoGELSANG. 1960. (Samml. Zwangl. Abhandl. Geb. Augenheilk., vol. 20.) 
Pp. 101, 12 figs, bibl. Thieme, Leipzig. (D.M. 14.65.) 

The study of the functional and dynamic structures of tissues (long known for, example, 
in bone) is a relatively recent development in ocular anatomy, a study in which the names 
of Vogelsang, Rohen, and Kokott are prominently associated. It deals with such 
problems as the arrangement of the constituent fibres in the cornea and sclera in relation 
to the strains and stresses imposed upon them, or the architecture of the uveal tissue in 
respect of its mechanical functions. Clinical problems such as the development of myopia 
and detachment of the retina are related to these considerations, which also have an 
impact on surgical procedures such as cataract extraction and corneal grafting. This 
small volume provides a summary of the present state of knowledge of a subject that has 
hitherto excited little attention but is certainly interesting and suggestive. 
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Roentgen Diagnosis in Ophthalmology. Edited by E. HARTMANN and E. GILLEs. 1959. 
Pp. 375, 497 figs. Pitman Medical Publishing Co., England. (£6.) 

The excellent book on radiological diagnosis in ophthalmology published in Paris in 
1955 has now become available in an English translation by G. Z. Carter under the 
editorship of Conrad Berens. The translation is good and sufficiently free to be eminently 
readable. This is probably the result of the excellent knowledge of English possessed by 
Hartmann and that of French possessed by the translator and the editor. Moreover, the 
illustrations, so necessary in a book of this type, are beautifully sharp and clear. An 
enthusiastic review of the French volume will be found in the British Journal of Ophthal- 
mology (1956), 40, 191. 


‘NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 
Annual Congress, 1960 


The 80th annual congress was held in London at the Royal Society of Medicine from 
March 31 to April 2, under the presidency of Mr. R. C. Davenport. Over 300 members 
and their guests attended, including a number of distinguished foreign visitors. 

The meeting opened with a discussion on “The Problem of the Visually Defective 
Infant”’. 


Mk. F. W. Law first considered the initial problem which arises with the question of whether an 
infant can see or not; for it is usually difficult to examine the infant’s fundus fully, unless a general 
anaesthetic is given, and even then it is not possible to be dogmatic about sight unless there is a 
definite and gross fundus lesion. 

In addition to the actual vision there is the question of associated mental defect, which may 
mask the signs of sight in an infant. It has been found that if an infant without sight is brought 
up in a normal family atmosphere, among normal sighted companions, that the ordinary landmarks 
of infant progress are reached at the usual time. 

A long-term survey and follow-up has shown that, of all the patients seen in one surgeon’s 
Out-Patient Clinic at Moorfields Eye Hospital in City Road in a year, only about one child is 
proved to be blind from birth. 

Dr. DoNALD MACcKEITH emphasized that the sensory capacity in an infant is judged largely by 
what an infant does, and it must be remembered that behaviour may be affected and blindness 
mimicked by any weak link in the chain—sensation, perception, thinking and feeling, motor 
activity. 

Examination of the degree of partial blindness in infants may be made more difficult by 
associated intellectual handicap. Of older blind children 25 per cent. are ineducable; perhaps 
another 25 per cent. educationally subnormal. 

The doll’s eye phenomenon, which is manifest in the first week of life, is shown by holding up 
an infant and gently turning it round one way, when the eyes will turn away from th@ direction of 
motion. In later weeks the eyes turn towards the direction of motion. If an older child has the 
early eye-sign, then this may be regarded as due to poor vision. 

The emotional disturbance shown by parents of blind children is preventable if we take proper 
steps from the first suspicion of blindness. The child can then have the best chance of good 
personality-development by growing in a warm family atmosphere. 

It is important for a baby to be able to keep in touch with its parent visually and aurally. If 
there is a visual defect then the aural route is more important and therefore the parent must talk 
and make noises for the infant to know of her presence. 

It has been shown that babies brought up in an Institution are late in developing. 
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On the following day a symposium was held on the ‘Management of Hormonal 
Exophthalmos’’. 

Dr. JOHN LisTER recalled that the classical triad of thyrotoxicosis, goitre, and exophthalmos gave 
an inadequate picture of the very varied symptomatology of this condition, a complexity to which 
the great number of possible labels bore witness, his own preference being for ‘‘hyperophthal- 
mopathic Graves’s disease’. This complexity seemed no nearer resolution while the precise 
aetiology and pathological physiology remained obscure and its treatment correspondingly 
unsatisfactory. In the management of such cases of hormonal exophthalmos, the degree of 
thyroid function should first be regulated; if excessive, antithyroid therapy should be used, but 
this had the risk of enhancing the exophthalmos, so that reversible measures (antithyroid drugs) 
were preferable to an irrevocable thyroidectomy where the danger signs of lid swelling, chemosis 
or ophthalmoplegia were in any way apparent. In euthyroid cases, the anterior pituitary could 
be depressed by giving thyroid hormones, oestrogens, or steroids, or by irradiation of the 
pituitary. In the hypothyroid cases, thyroid extract should always be given. Where intra- 
orbital tension became dangerously high, diuretics could be given, but these were sometimes of 
little benefit, and surgical decompression might still be necessary. 

Mr. H. B. STALLARD discussed the surgical measures that might be required to relieve a more 
severe exophthalmos, and stressed the importance of a timely tarsorrhaphy in order to protect the 
cornea, aided if necessary by an orbital fasciotomy and lateral canthal ligament division. Where 
a tarsorrhaphy was impossible or had failed, a large hood-shaped conjunctival flap might yet 
protect the cornea. Orbital decompression was necessary when the optic nerve became too 
stretched or showed papilloedema; this could be done either by orbital fasciotomy and excision of 
.herniating oedematous orbital fat or by a lateral orbitotomy. 

Mr. Murray A. FALCONER considered again the pathogenesis and emphasized that the disease 
was usually self-limiting so that a natural remission had often given spurious credit to each of the 
various forms of therapy. When corneal ulceration was imminent, he preferred a Naffziger 
decompression; even if the exophthalmos progressed post-operatively, the orbital contents could 
be more easily displaced backwards so that a tarsorrhaphy had greater chances of success. 
Occasionally such patients died from a myocardial infarction which appeared to have some as yet 
unexplained relationship to the hormonal exophthalmos. 

Mr. T. KerTH Ly Le discussed the surgical treatment of the diplopia which might ensue. He 
first recalled how easily such uniocular cases were misdiagnosed, three out of his series of 32 
having been labelled intra-orbital tumour, and two of them having undergone a surgical explora- 
tion, before a correct diagnosis was reached. An operation on the extra-ocular muscles to correct 
the secondary squint should be deferred until the condition was static. In his cases an average of 
4 years had elapsed before operation. The actual squint operations followed the usual pattern, 
but it was possible to operate on the contralateral antagonist or synergist only if the limitation of 
movement was mild, otherwise the muscles of the more ophthalmoplegic eye would have to be 
resected or recessed; it was most important to avoid any residual limitation in adduction or 
depression. Mr. Lyle also described a number of his cases which had shown a very inconstant 
visual fieid loss, which was presumably due to pressure or oedematous infiltration of the optic 
nerve, and was sometimes associated with the papilloedema. A spontaneous recovery had 


followed. 


The meeting was completed by a number of short papers: 

Mr. H. TREISSMAN discussed the advantages and disadvantages of the corneal microlens in 
comparison with the moulded contact lens; he felt that the new problems presented by the micro- 
lens barely compensated for the difficulties normally experienced with the moulded contact lens. 
He also discussed the role of bifocal contact lenses. 

Mr. Dermot Piers illustrated a number of his recent cases of lid tumours and demonstrated 
the methods he had employed in surgical repair after the tumour had been excised; in one instance 
the operation had been filmed. 

Dr. C. R. S. JACKSON considered the familiar complaint of asthenopia or “‘eye-strain’”. He 
assessed its age distribution and the problems of diagnosis, with particular stress on the misuse of 
spectacles for fine close work. 

Miss AUDREY MITCHELL discussed the purposeful use of colour, its historical use and symbolic 
value, its availability, and recent technical achievements. She described the functional use of 
colour in various institutions and environments. 








m™ ty TA 





al 


ve 
oh 
1- 
ly 
of 
ut 
S) 
is 
Id 
he 


of 


re 
he 
re 
et 
0 
of 


he 
er 
Id 
et 


Je 
32 


ct 
of 


of 
or 


tic 
ad 


te 
of 
lic 
of 








NOTES 447 


Dr. H. O. LitTLe considered the ‘treatment of dendritic corneal ulcers which, in his view, 
required frequent intravenous injection of vitamins, which had become deficient through poor 
assimilation after psychological stress. 

Dr. PAUL WEINSTEIN reported his observation that anisocoria often followed the dark-room 
test, which seemed evidence that the optico-vegetative and the photo-vasopressor reflexes had 
importance in the pathogenesis of glaucoma. 

Mr. E. S. Perkins discussed cases of open-angle glaucoma in the younger age groups, which 
show heavy pigment deposits on the trabeculae, possibly obstructing the outflow. 

Mr. M. H. Lunvz assessed the results of peripheral iridectomy in the treatment of glaucoma. 

Mr. JOHN PRIMROSE gave a similar assessment which suggested that peripheral iridectomy 
worked just as well as the classical broad iridectomy in acute closed-angle glaucoma. 

Mr. C. G. TULLOH considered the role of aqueous outflow, gonioscopy, ocular tension, cyclitis, 
iris colour, etc., in the aetiology of secondary glaucoma. 

Mr. D. P. CuHoyce discussed the use of anterior chamber implants, especially employing a 
thinner haptic. 

ProF. B. ROSENGREN described an instrument he had devised for indenting the sclera by a silver 
sphere in order to bring choroid and retina into apposition during the surgical treatment of retinal 
detachment. 

Mr. J. ELLIsoNn described an unusual case of “‘hydrops of the lid”’. 

Dr. I. ISAAKSON discussed congenital blepharoptosis in the light of his anatomical dissections 
and electromyogiaphic studies, which suggested that there were degenerative changes of the type 
seen in primary muscular dystrophy. 


The meeting closed with two films. Mr. D. A. Langley illustrated an operation for 
infantile ptosis, and Mr. J. Graham Scott illustrated the incidence, diagnosis, and 
treatment of trachoma in South Africa. 

SOCIEDADE BRASILEIRA DE OFTALMOLOGIA 


Officers, 1960-61 


President Dr. Evaldo Machado dos Santos 
Vice-President Dr. Joao Ferreira da Silva Filho 
Secretary-General Dr. Pedro Moacyr de Aguiar 
Treasurer Dr. Angelo Rogers Bellini 


MARY HAWTHORNE PRIZE 


Glasgow University has awarded the Mary Hawthorne Prize for outstanding research 
in Medical Ophthalmology to Dr. F. C. Rodger. 


FACULTY OF OPHTHALMOLOGISTS 


Officers, 1960-61 
At the Council meeting on May 13, 1960, the following Officers were elected: 
President: Mr. E. G. Mackie 
Vice-Presidents: Mr. J. E. M. Ayoub 
Mr. George W. Black 
Hon. Treasurer: Mr. G. T. Willoughby Cashell 
Hon. Secretary: Mr. J. R. Hudson 


GONIN LECTURE 
Professor Marc Amsler of Ziirich has been elected an Honorary Member of the Royal 
Society of Medicine; he gave the Gonin Lecture at the Royal Society of Medicine on 
June 9, 1960. The title of his lecture was ‘““The Heritage of Gonin’”’. On June 10, the 
Council of the Section of Ophthalmology of the Royal Society of Medicine held a dinner 
in his honour. 
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OBITUARY 


JAMES BIGGAM, M.C., M.B., Ch.B., D.O.M.S., 
late Colonel R.A.M.C. 


The late Dr. James Biggam was born on December 1, 1891, in Wigtownshire and was 
one of four brothers who made the R.A.M.C. their careers. Graduating in Edinburgh in 
1914, he went straight into the R.A.M.C. and served until the end of the Second World 
War. After the Great War in which he was awarded the Military Cross and Bar for 
conspicuous gallantry and devotion to duty and was twice mentioned in dispatches, he 
was seconded to the Egyptian Army. On his return to England he became lecturer in 
ophthalmology at the R.A.M.C. College at Millbank and won the Alexander Memorial 
Prize in 1930 and the Parkes Memorial Prize in 1937 for his investigation into the lighting 
of barracks and the designing of a spectacle frame for use with the service respirator. 
When the War Office decided to bring the Army medical equipment up to date, he advised 
on the equipment of an eye department. Thus he was responsible for the very fine set of 
surgical instruments which delighted the hearts of army ophthalmic surgeons during the 
Second World War. 

During the latter war he served in India, Persia, and Iraq (where he served as Ophthalmic 
Consultant to Pai Force). He then took command of the 23rd Scottish General Hospital 
in Palestine, brought the latter home, and then went with it to North-West Europe. 

In the course of his journeying round the world he was reputed to be accompanied by 
some seventy trunks, boxes, and suit cases, each numbered and each bearifig on its lid a 
list of contents. As one would gather, he was a most methodical man, but he was not in 
the least pernickety. He was generous and gave unsparingly of his means and of his time 
to his fellow-men. 

When his soldiering days were over, he settled in an hotel in Glasgow and decided, having 
slept in many an uncomfortable billet to have the most comfortable bed that money could 
buy. This was supplied by a Glasgow firm complete with a red, amber, and green light 
to indicate the temperature of his electric blanket. 

When he came to work at the Glasgow Eye Infirmary he was nearing the end of his 
professional life. He chose to work in the Out-Patient Department, but this was no 
hum-drum duty to be performed as quickly as possible; each patient to him was a human 
being with a problem and he made it his task to solve that problem to the best of his 
ability. His reports on patients were a joy to read and one could be certain that every 
aspect of the case had been carefully investigated and weighed up. He brought all his 
great store of experience and philosophy to bear on his judgment, for he was a great 
philosopher and a man with a well-balanced mind. 

He became a kind of ‘‘ Big Brother”’ in the out-patient department and young ophthal- 
mologists brought their problems to him, so that he gradually became recognized as the 
trainer of the young refractionist. He was also a great authority on ophthalmic instru- 
ments, and his examination cubicle was stocked with all manner of appliances for the 
better investigation of his patients. 

He was a very humble man and it was very characteristic of him that, when his time 
came to retire, and his colleagues wished to recognize his great services to the Eye Infir- 
mary, he contrived to slip quietly away into his well-earned retirement. He returned to 
the land of his birth and bought a house in Stranraer, but he was not destined to enjoy it 
for very long and less than a year after he retired was told that he had an incurable disease. 
Once again he quietly put his affairs in order and on March 9, 1960 he died in an Edinburgh 
Nursing Home. 

Dr. Biggam never married, but he has left behind a host of friends who will remember 
his quiet modesty, his helpfulness, his great skill, and the lovely sense of humour which 
carried him through many trials. He was a truly great man. 

448 
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COMMUNICATIONS 


RECORDING OF THE OCCIPITAL LOBE RESPONSE 
IN MAN AFTER LIGHT STIMULATION* 


BY 


A. T. M. VAN BALEN anp H. E. HENKES 
Eye Clinic, Rotterdam 


THE discovery by Du Bois-Reymond (1849), of electrical changes in the neuron 
during the passage of a stimulus, was the starting point for the objective 
functional investigation of the nervous system. 

The electrophysiological experiments on the retina based on this discovery 
led to the establishment of electroretinography and its clinical use. 

The optic nerve, the optic tract, the lateral geniculate body, and the optic 
radiation are not yet accessible to objective clinical investigation. The optic 
cortex and the subcortical structures, on the other hand, are accessible for 
objective investigation through electro-encephalography; the electro- 
encephalogram is used to demonstrate clinically the effect of intermittent 
light stimuli on the spontaneous activity of the occipital cortex. 

In his first experiments, Berger (1931) was able to demonstrate the influence 
of opening the eyes and of a light stimulus on the spontaneous activity of the 
occipital region in a subject placed in a darkened room. He observed an 
interruption of the electrical activity, the so-called blocking of the alpha- 
rhythm. Fig. 1 serves as an example. 
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Fic. 1.—Blocking of alpha-rhythm in electro-encephalogram recordings (Tracings A, C, and D) by 
light stimulus (Tracing E). Channel B records the scotopic electroretinogram of the left eye. 
Channels A, C, and D record the electro-encephalogram using electrodes placed in the mid-line of 
the occipital region. Indifferent electrode (Number 1) placed on forehead. Number 6: contact 
lens electrode. Time constant 0-7 sec. 
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* Received for publication August 21, 1959. 
29 449 





450 A. T. M. VAN BALEN AND H. E. HENKES 


Kluyskens (1948) made use of this “alpha-blocking” in the objective — 


determination of the visual field. The alpha-blocking, however, is by no 
means a specific reaction. It can be elicited by any type of afferent impulse: 
sound, touch, etc. Moreover, its latency is long and extremely variable 
(150-300 msec.). The reaction depends upon the power of concentration and 
the emotional state of the subject. Repeated stimulation may sometimes fail 
to elicit the blocking reaction. Finally, a serious disadvantage is that a 
fixation light cannot be used during the experiment, as fixation in itself 
blocks the alpha-activity. 

The specific or “evoked” response of the striate area and optic cortex after 
a light stimulus is in our opinion more deserving of the ophthalmologist’s 
attention. Unfortunately, the evoked response of the occipital lobe is 
recordable in routine electro-encephalography in only a small percentage of 
subjects. Monnier (1956) found a perceptible response in only a few 
subjects, and Frangois, Stefens, and de Rouck (1954) claimed a percentage 
of twenty in normal subjects. Fig. 2 gives an example of a clearly recordable 
evoked response, but in Fig. 3 the specific response is not discernible owing 
to the high spontaneous activity of the cortex and subcortical structures. 
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Fic. 2.—Clearly visible evoked responses after light stimulation (Tracing C). Records taken from 
electrodes placed in the midline of the occipital region (Tracings A and B) 


nef Phar ene Wi v me nH An May Gus Pai fi lo 
BY FP dunt! tN ANY Pl ‘ita sal We . ; 


' SEC. 


t SEC 








C "T oo 


Fic. 3.—No discernible responses in records (A, B) taken from electrodes placed in the midline 
of the occipital region. Light stimulus on Channel C. 
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Before the recording of the occipital lobe response is accepted as a routine 
method in the clinical investigation of the visual system, it is necessary to 
develop recording techniques which allow a positive result in all normal 
subjects examined. 


Recording Technique of the Evoked Response of the Occipital Lobe 


In cases in which the evoked response to a light stimulus is not clearly 
visible, one may use several methods to make the specific response recogniz- 
able among the random fluctuations of spontaneous activity. 

Monnier, for instance, superimposed five recordings by drawing an en- 
larged projection. This method gives satisfactory results in only a small 
number of cases (as an example: see Fig. 4). An improved method of record- 
ing is that introduced by Dawson (1950). This involves the superimposition 
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Fic. 4.—Superimposition of five electro- / 
retinographic records (upper tracings), ' 
and five electro-encephalographic records ' 
from occipital region (lower tracings) in ; 
order to detect specific responses. Arrow 
indicates light stimulus. 4 
| SEC. 





of a large number of sweeps of the cathode-ray oscilloscope, each sweep 
being triggered by the light stimulus itself and tracing the occipital lobe res- 
ponse belonging to this stimulus. About fifty successive electro-encephalo- 
grams are recorded on a stationary photographic film. This method allowsa 
more exact superimposition of the individual electro-encephalographic 
records than can be got by copying and superimposing the projected curves. 
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Features occurring at a constant interval of time after the stimulus appear 
more clearly, while those not related to the stimulus produce only a general 
broadening of the curve. This broadening of the build-up curve interferes 
with the measurement of amplitudes and latencies of the components present, 


although the response in itself becomes visible in the majority of subjects. 
Fig. 5 illustrates the usefulness of this method in a normal subject, and Fig. 6 


shows in another normal subject that the presence of a specific response is 
only indicated. 


Fic. 5.—Dawson’s method of superimpos- 
ing fifty separate records, triggered by the 
light stimulus, produces a clear picture of 
evoked occipital lobe response in a human 
subject: b-, c-wave complex, and d-wave are 
well marked. White vertical line on right 
side of record represents a calibration of 
20 »v. Time constant 0-7 sec. Time base 


50 cps. 





Fic. 6.—Superimposition of fifty 
separate records in another human 
subject. Evoked response hardly 
visible. 

Calibration, time constant, and 
time base as in Fig. 5. 





The most attractive method is the estimation of the mathematical average 
of a number of records. This technique allows the highest increase in the 
signal-to-noise ratio, making the evoked occipital lobe response recordable in 
all normal human subjects. The accuracy depends on the number of inte- 
grated separate records and on the number of, and distance between, the 
points over a tracing of a given length. Fig. 7 (opposite) gives the integration 
curve together with the superimposed curve obtained by recording forty 
separate responses. For the construction of the integration curve forty 
points on forty curves have been integrated, divided over a tracing of a length 
of 500 msec. This cipher method is extremely time-consuming, the 
construction of one curve taking approximately 10 hours’ work. 
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Fic. 7.—Mathematical integration 
curve based on forty different records 
drawn upon the superimposition 
figure of the same number of 
occipital lobe responses. Following 
the specific Tesponse, three waves 
are visible exhibiting the same 
frequency as the alpha-rhythm (10— 
12 cps.). 

Calibration, time base, and time 
constant as in Fig. 5. 


An electronic toposcope, such as that constructed by Dawson (1954), does 
this work within a few seconds. For the future development of the routine 
recording of occipital lobe responses in the ophthalmological clinic, the use 
of simplified electronic toposcopes is in our opinion indispensable. 

In the present study the integration technique was used only in cases in 
which the information from the superimposed curves regarding the latency 
time of the different components of the response was insufficient. 

Fig. 8 demonstrates the specificity of the response in regard to the visual 
stimulation. An electronic stroboscope served as a light stimulus. The 
superimposed image of the evoked response is shown in Fig. 8B. The 
stimulus source gives a click while delivering the lightflash. If the strobo- 
scope light is covered 
but the click continues 
to give an auditive stim- 
ulus no response is pro- 


duced (see Fig. 8A). 











Fic. 8.—Forty superimposed 
records of occipital lobe 
electro-encephalograms. 

A. Light-tight covered stro- 
boscope produces click sound. 
Auditive stimulation is unable 
to evoke response. 

B. Stroboscope uncovered. 

The evoked response is 
clearly visible. 
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The recording of the evoked response on light stimulation is limited, 
generally speaking, to the occipital region. Fig. 9 shows the superimposed 
recordings of a number of leads from the temporal, parietal, and occipital 
areas. The evoked response is found mainly over the occipital lobe, and 
the same stimulus does not normally elicit a marked response over the other 
areas mentioned. 





Fic. 9.—Forty superimposed records of responses led from Electrodes 2, 3, 4, 5, and 6. Parietal 
——_ 7 and 8 are unable to record specific response. Electrode 1 on forehead serves as a 
reference. : 


Components of the Evoked Potential 


In our own series of normal patients, the latencies of the components of the 
occipital lobe response closely resemble those found by Monnier and by 
Francois, at least if we take into account the different conditions of stimula- 
tion. Monnier distinguishes three main deflections: the b-, c-, and d-waves 
(Fig. 5)*. 





* Regarding the polarity of the waves concerned, the denomination of Monnier (1956) has been followed. Probably, 
however, it would be more logical to consider the b-wave as a negative, rather than a positive wave, and the c—wave 
complex as a positive complex, etc., as in our by Se ae pe the b—wave is the expression of the fact that the occipital 
electrode becomes negative in relation to a more forward placed el (e.g. El 4 and 3, versus 2 and 1, in 


Fig. 9). 
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In our own subjects we found the following average values for different 
deflections: 








Defiection Latency Culmination Time (msec.) 
First Positive (b-wave) . . ie Ag se 40-50 65-75 
First Negative (c-wave complex): .. sce — 100-140 
Second Positive (d-wave) 3 sl ia — 180-220 











In a number of cases the specific response is followed by a series of waves 
which have the same frequency as the alpha-rhythm: 10 to 12 cycles per 
second (cps). Fig. 7 gives an example of this phenomenon. 

The b-wave of the evoked response is present only in a limited number of 
subjects. The c-wave, on the other hand, is found in the vast majority of 
cases and may be considered as the most constant response. 

Under special conditions of light stimulation, the c-wave presents a double 
top (c!, c?, see Fig. 5). This phenomenon has already been described by van 
Hof. (1959). 


Relationship between Electroretinography and the Evoked Potential 


This duplication of the c-wave may readily suggest to an ophthalmologist’s 
mind the idea of a separate representation of photopic and scotopic activity. 
A correlation between the first culmination of the c-wave (c!, culmination 
time 100 msec.) and photopic activity, as well as a correlation between the 
second culmination (c?, culmination time 140 msec.) and scotopic activity, is 
provided by the records found in two different subjects (Figs 10 and 11, over- 
leaf). Only c? is found in dark adaptation if the subject is stimulated with 
an extremely low-intensity flash which does not interfere with the state of 
adaptation (Fig. 10A, and Fig. 11A, lower tracing). When the subject is 
stimulated with a high-intensity flash in light adaptation, a preceding negative 
deflection (c!) comes into being in the evoked potential of the occipital lobe 
response (Fig. 10B, and Fig. 11B, lower tracing). 

We are able to follow the changes in the evoked potential in the course of 
the process of dark adaptation. Fig. 12 (overleaf) illustrates such an experi- 
ment, in which the occipital lobe response was recorded after preliminary 
light adaptation to 1,750 asb. (Goldmann—Weekers adaptometer). The 
recording was repeated at different levels of dark adaptation, as given by the 
points A, B,C, and D. A very low intensity of the stimulus light was used 
in these experiments in order not to interfere with the adaptation process. In 
the successive stages of dark adaptation, a shift in the culmination time of 
the c-wave complex was observed. Owing to the appearance of c?, the 
culmination time of the c-wave complex lengthened in the course of dark 
adaptation (visible only on the integrated curves). 

In those cases in which the activity of the scotopic retinal system has been 
lost (e.g. cases of primary pigmentary degeneration of the retina)—in which, 
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Fic. 10. 
A. Superimposed records of evoked response after low-intensity flashes in dark adaptation. 
B. The same after high-intensity flashes in light adaptation. 
Reduction in latency of c-wave complex (Fig. 10B) is ya to the occurrence of preceding (c!) top. 
Dotted line marks 125 msec. after stimulus. Calibration 20 nv. Time base 50 cps. 





Fic. 11.—Superimposed records combined with mathematical integration curves of forty electro- 
retinogram (upper tracings) and forty electro-encephalogram (lower tracings) responses. In dark 
adaptation (A) after low-intensity flashes, the presence of a scotopic electroretinogram response is 
doubtful, notwithstanding integration of responses. The c-wave complex in the occipital lobe 
response ‘(lower tracing) is represented only by a late top (c?). In light adaptation (B) after high- 
intensity flashes, a clear photopic electroretinogram is visible (upper tracing). The c-wave com- 
plex in the occipital lobe response (lower tracing) shows a double top (c! and c2). White vertical 
lines represent calibration of 20 nv. Time base 50 cps. 


at best, only a rudimentary photopic retinal response can be recorded—only 
the c!-wave of the evoked potential can be recorded after a stimulus which, 
in the normal subject, would elicit both c! and c?. Fig. 13 (opposite) shows the 
evoked response of the occipital lobe in such a case. Under “normal” con- 
ditions of recording of the electroretinogram, the electrical response of the 
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Fic. 13.—Superimposed and integrated 
occipital lobe response in a patient 
suffering from a primary pigmentary 
degeneration. Only the c!-wave is 
visible. 

White vertical line represents calibra- 
tionof20yv. Time base 50cps. Dotted 
line marks 125 msec. after stimulus. 


Fic. 12.—Superimposed and integrated 
curves of occipital lobe responses in the 
course of dark adaptation (Goldmann- 
Weekers adaptometer). Tracings repre- 
sent evoked responses at succeeding 
levels of dark adaptation (A, B, C, and 
D). Note shifting of culmination of 
the c-wave in relation to dotted line. 
White lines represent calibration of 
20uv. Time base 50 cps. 
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retina was extinguished, though selective amplification (Henkes, 1956) made 
a rudimentary photopic response recordable. In this case the visual field 
was limited to 10° centrally. The occipital lobe response consisted of the 
cl-wave only, and was clearly visible only in the integration curve. 

A recording of the evoked potential may be important in the study of the 
optic pathways, for instance in the examination of cases suffering from uni- 
lateral optic atrophy. In such cases, the electroretinogram may be of normal 
size on the affected side, thus demonstrating objectively a normal function of 
the retina (Fig. 14A, lower tracing). The occipital lobe response, however, 
may be absent if the affected eye is stimulated alone (Fig. 14B, lower tracing). 





A B 


Fic. 14.—Superimposed electroretinographic (A) and electro-encephalographic (B) responses of 
right eye (upper tracings) and left eye (lower tracings) in a case of complete secondary atrophy of 
the left optic nerve. Absence of electro-encephalographic response (lower tracing, B) on stimula- 
tion of left eye, notwithstanding normal electroretinogram (lower tracing, A). Electroretino- 
gram and electro-encephalogram of right eye are both normal (upper tracings). Time base 50 cps. 


Discussion 


In the study of the evoked potentials of the optic cortex in man, it is neces- 
sary—in order to be able to record the specific response in all normal sub- 
jects—to improve the signal-to-noise ratio by integrating a great number of 
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separate responses. Mathematical averaging is the method of choice; with- 
out the use of modern electronic devices, however, this technique is extremely 
time-consuming. 

Although the evoked occipital lobe response is triggered by an impulse 
starting in the retina, the amplitude of the components of this specific occipital 
response seems only partially dependent on the height of the potential of the 
different electroretinogram components. The amplitude of the evoked 
potential seems to depend, at least partially, on the electrical properties of the 
subcortical centres and the cortex itself as they are at the moment the impulse 
arrives in the (sub)cortical structures. 

The experiments described above point towards the existence of a system, 
exhibiting a duplex nature, which gives rise to the evoked potential of the 
occipital cortex. It is very probable that the c!- and the c?-waves represent 
the photopic and scotopic activity of the retina. 

Jayle, Boyer, and Camo (1958) published a preliminary note on the cor- 
relation between changes in the electroretinogram and the occipital lobe 
response in the course of the process of dark adaptation. In the occipital 
response they observed the development of a second c-wave, recordable only 
after a period of at least 5 minutes of dark adaptation. Bartley (1942) 
observed a double “on” response in the optic nerve of the rabbit, suggesting 
a separate representation of the retinal cone and rod systems. The difference 
in latency of the peaks was found to be 30 msec. This time lapse closely 
resembles the time interval found by us between the two peaks c! and c? in 
the occipital lobe response in man. 

The possibility of differentiating between the scotopic and photopic 
mechanisms in the occipital lobe response, as well as that of demonstrating 
changes in the electrical activity of the visual pathways based upon path- 
ological alterations, suggest that in the future the recording of the occipital 
lobe response may become a routine procedure in clinical ophthalmology. 


Summary 


The authors describe the so-called “primary” or evoked potential of the 
occipital lobe after light stimulation in normal human subjects. Several 
methods devised to improve the signal-to-noise ratio in the occipital lobe 
response are discussed. 

The mathematical averaging of a great number of records (usually forty) 
seems to be the method of choice, enabling a specific response to be recorded 
in all normal human subjects. It is demonstrated that the photopic and 
scotopic mechanisms are each represented separately in the occipital lobe 
response. 

Suggestions are given for using this recording technique in the investigation 
of the visual pathways in clinical ophthalmology. 
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SPONTANEOUS CYSTS OF THE CILIARY BODY* 


BY 


SIDNEY I. DAVIDSON+ 
Wolverhampton Eye Infirmary 


ALTHOUGH comparatively rare, spontaneous cysts of the ciliary body have 
evoked numerous contributions to the literature. The diagnosis is essentially 
clinical and differentiation from a melanosarcoma may be very difficult. 
These cysts were well named pseudo-melanosarcomata by Pagenstecher 
(1910). Before the report of Fischer (1920), the diagnosis of such cysts had 
been established only by histological examination of enucleated eyes. 
Since then, Elschnig (1925), Olsson (1944), Scheie (1954), and Grignolo 
(1954) have also reported cysts of the ciliary body as a clinical finding in 
otherwise normal eyes. 


Case Reports 


Case 1, a man aged 21, was admitted to hospital on May 4, 1958 for treatment of psoriasis. 
He was referred on account of a complaint of difficulty with close work. There was no 
history of injury to either eye. 

The visual acuity was 6/5 in each eye. He was emmetropic and, apart from a near 
point of convergence of 12 cm., orthophoric. His pupils were equal and circular, 
reacting directly and consensually to light and on accommodation. Examination with 
both the slit lamp and the ophthalmoscope revealed no abnormality in the left eye. 

In an otherwise normal right eye, examination with the ophthalmoscope revealed a 
cystic mass presenting at the inferior temporal quadrant of the posterior chamber (Fig. 
1A, overleaf ). 

When the pupil was fully dilated, slit-lamp examination (Fig. 1B, overleaf) revealed a 
smooth cyst containing a clear fluid and enclosed by a thin transparent membrane which was 
bespeckled with fine iridescent particles on its posterior surface, i.e. the surface presented 
to the zonular fibres and vitreous face. (This fine pigment has been incorrectly exag- 
gerated in the artist’s drawing, as has been the distortion of the lens.) The cyst had 
insinuated itself between the posterior surface of the iris and the anterior surface of the 
lens. Where the cyst was in contact with the anterior lens capsule, there were a few 
subjacent opaque lens fibres. The cyst was tremulous on eye movements. The Goldmann 
lens showed that the cyst arose from the anterior part of the ciliary body. The rest of 
the ciliary body appeared normal. The angle of the anterior chamber, including the 
sector overlying the cyst, was of normal depth. There was no disturbance of pigmen- 
tation in the overlying iris. The tension in both eyes varied between 20-25 mm. Hg 
(Schi6tz) over several serial readings. There was no evidence of any penetrating injury. 

This patient was observed for 6 months until he left the country, and during that time 
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there was no variation in the appearance and size of the cyst. The intra-ocular pressure 
remained at 20-25 mm. Hg (Schiétz). The convergence insufficiency responded to 
orthoptic exercises, and his symptoms were relieved. 


Case 2, a man aged 19, was referred on July 14, 1958, with the complaint of a painful 


left eye. There was no history of injury to either eye. 
The visual acuity was 6/5 in each eye and he wasemmetropic. The right eye was normal. 


There was a patch of scleritis involving the left eye at the upper nasal quadrant, 6 mm. 
from the limbus. Slit-lamp examination revealed no flare, no cells in the anterior chamber 


and no keratic precipitates. 

At the inferior temporal quadrant a cystic mass was seen with the ophthalmoscope at 
the extreme periphery of the fundus (Fig. 2A, opposite). It projected medially and slightly 
forwards, and the fundal vessels did not pass over it. Examination with the Hruby lens 
(Fig. 2B) showed the mass to be definitely cystic and tremulous. The cyst had a multilocu- 
lar appearance and was a light reddish-brown colour. It transilluminated well. Indirect 
ophthalmoscopy and the Goldmann lens confirmed the suspicion that the cyst arose from 
the posterior part of the ciliary body. The angle of the anterior chamber was normal, 
as was the iris, and the ocular tension remained within 22-25 mm. Hg (Schi6tz) over 
several serial readings. There was no evidence of a penetrating injury. 

The scleritis responded well to treatment with topical corticosteroids. 

This patient has been watched up to the time of writing and there has been no alteration 
in the appearance or size of the cyst. The intra-ocular pressure has remained normal. 


Aetiology 


Spontaneous cysts of the ciliary body show a separation of the pigmented 
and non-pigmented layers of the epithelium of the ciliary body. Their 
pathogenesis has excited a wealth of theories, e.g. inflammation (Collins, 
1890); persistence of the annular sinus of von Szily (Wintersteiner, 1906); 
choroiditis causing adhesion of ciliary processes to one another (Coats, 1907); 
foetal iritis causing synechiae with resultant separation of the two layers 
of the secondary optic vesicle (Loewenstein and Foster, 1947). 

Vail and Merz (1952), in an excellent paper which includes a review of the 
literature, suggest that the cysts are embryonic in origin. They put forward 
evidence suggesting that these cysts might be formed by the traction of the 
zonule on the ciliary epithelium with consequent separation of the two 
layers of the secondary optic cup, thus opening up what is normally only 
a potential space. The action of the zonule during accommodation would 
aggravate this condition. This theory accounts for the fact that smaller 
ciliary body cysts are found in the valleys between the ciliary processes 
(Reese, 1950; Garron, 1953; Scheie, 1954) where the greatest number of 
zonular fibres arise, (Wolff, 1954). 

On the basis of a histological examination of a grossly abnormal eye and 
clinical examination of another equally abnormal eye (which he had treated 
surgically), Purtscher (1940) also suggested prenatal factors as the cause. 
He maintained that pigment cysts of the posterior chamber are caused by an 
early and intimate adhesion of the posterior pigment epithelium of the iris 
and the tunica vasculosa lentis, in the presence of a disturbance in the 
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Fic. 1A.—Cystic mass seen with the Fic. 1B.—Cyst seen with the slit lamp 
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regression of the tunica vasculosa lentis, especially in the neighbourhood of 
the pupillary membrane. He suggested that hypertrophy of the ciliary 
processes Occurred as a result of tension upon them when the growing 
globe slowly pulled them from the fixed lens. 

Purtscher’s theory correlated with that of Loewenstein and Foster (1947) 
may explain the occurrence of ciliary body cysts in association with other 
developmental defects and abnormalities, such as those reported by McCrea 
(1936), Badeaux (1936), Trevor-Roper (1948), and Bonaccolto (1957). 

Vail and Merz (1952) do not explain why the separation of the two layers 
of the ciliary body epithelium does not normally occur with the tension of 
the zonular fibres on accommodation. Attempting to reconcile the views 
of Purtscher (1940) and Vail and Merz (1952), one might envisage a temporary 
adhesion between the embryonic ciliary processes and the lens, this attach- 
ment breaking down as the differential growth of the foetal eye proceeds. 
There will now be a weakness in the union of pigmented and non-pigmented 
layers of the ciliary epithelium. In post-natal life, the contraction and 
relaxation of the zonular fibres during accommodation will act on this 
point of weakness, and the apposition of the two layers of epithelium will 
give way to form a cyst in the valley between the ciliary processes where 
the zonular fibres are attached. 

Garron (1953) emphasized the fact that most of these cysts were situated 
in the inferior temporal quadrant and cited several cases taken from the 
literature. Scheie (1954) and Grignolo (1954) have since reported similar 
findings. The two cases described in this paper were also situated in the 
inferior temporal quadrant, but no embryological explanation for this can 
be suggested. 


Clinical Features 


The clinical features of spontaneous cysts of the ciliary body have been 
emphasized by Reese (1950) and Garron (1953). Any history of trauma 
should first be eliminated and evidence of a penetrating wound excluded 
by a meticulous examination of the suspected eye. 

Schieck (1904) first remarked on the difficulty in differentiating clinically 
between a cyst of the uveal tract and a melanosarcoma, and stressed the 
greater frequency of melanosarcomata of the uveal tract. However, only 
9 per cent. of melanosarcomata are found in the ciliary body and 6 per cent. 
in the iris (Duke-Elder, 1940). One need only instance cases taken from the 
literature where the affected eye was mistakenly enucleated to realize the 
importance of making the diagnosis (Schieck, 1904; Wintersteiner, 1906; 
Coats, 1907; Pagenstecher, 1910; Stephenson, 1916; Remky, 1923; Roth and 
Geiger, 1925; Meek, 1932; Vail and Merz, 1952; Garron, 1953). 

These cysts are often characterized by multiplicity (Olsson, 1944; Reese, 
1950; Scheie, 1954; Grignolo, 1954), and this should be confirmed or excluded 
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by the Goldmann lens and indirect ophthalmoscopy. These methods o: 
investigation will also confirm the site of origin of the cyst; Scheie (1954) 
emphasized the value of gonioscopy when the cysts are small and indenting 
the iris root. In an interesting paper, Grignolo (1954) described his obser- 
vations on spontaneous cysts of the ciliary body using the Schepens binocular 
indirect ophthalmoscope. He formed the impression that these cysts 
occurred quite frequently and that, contrary to previous descriptions, they 
were situated in the pars plana and never in the ciliary processes. (He also 
noted a detachment of the adjoining retina in one case and, in other patients, 
the co-existence of cysts of the pars plana in one sector and a flat detachment 
of the pars plana in another sector of the same eye or of the fellow eye). 

As the non-pigmented layer of epithelium usually forms the major part 
of the cyst wall, spontaneous cysts of the ciliary body are usually translucent 
(as in Case 1), or they may have a reddish appearance due to reflected light 
from the underlying uveal vessels (as in Case 2). Most of these cysts have 
a smooth surface and trans-illuminate well and evenly. A valuable diagnostic 
sign is the tremulous appearance of the cyst on eye movements, which was 
first described by Eales and Sinclair (1896). If the cyst is in contact with the 
lens, the subjacent lens fibres are often opaque. 

The cyst may occlude the angle of the anterior chamber where it pushes 
the iris root forwards. This may be sufficient to cause a secondary glaucoma 
(as in the cases of Wintersteiner, 1906, and Garron, 1953), making the 
diagnosis of malignant melanoma more likely. As the iris root is pushed 
forward, the anterior surface of the iris may come into contact with the 
posterior surface of the cornea. This may provoke a pigmentary disturbance 
in the affected sector of the iris and further increase the difficulty in 
differentiating between these cysts and malignant tumours. Reese (1956) 
observed that the non-pigmented layer is able to produce melanin: 


“Although normally the one epithelial layer is pigmented and the other is not, 
even the nonpigmented layer, continuous as it is with the pigment epithelium of 
the iris, is potentially a melanin-producing tissue; the ability to fabricate melanin 
could not be a constant trait of the one layer and never manifest itself in the other. 
As a matter of fact, in otherwise normal ciliary epithelium, the nonpigment layer 
may be pigmented and thus may or may not contain melanin in its cells.” 


Treatment 


Surgical interference is not indicated unless the cyst gives rise to compli- 
cations such as secondary glaucoma or serious opacity of the lens. Fuchs 
(1911) and Castroviejo (1949) have proposed diagnostic puncture of suspected 
cysts. (This may result in a hyphaema as in a case reported by Juler (1911) 
where enucleation finally revealed a melanosarcoma). However, puncture 
of the cyst, preferably with a diathermy needle (Villard and Dejean, 1933) and 
repeated if necessary, may be efficient therapeutically. 
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The introduction of phenol into the sac of a cyst of the iris, followed by 
repeated irrigation, has been successful (Wright, 1925). Two needles were 
inserted into the cyst, one for injection and the other for aspiration. Similarly 
a large implantation cyst of the iris has been treated, using one needle, by 
aspiration followed by injection of iodine (Alger, 1932). 

Elschnig (1925) excised a cyst of the ciliary body by performing an 
iridectomy, removing the anterior portion of the cyst wall. Later, through 
a limbal incision (having turned a conjunctival flap), he removed the rest of 
the affected ciliary epithelium. In the majority of cases, a broad iridectomy 
and excision of as much of the anterior wall of the cyst as possible would 
probably suffice and, since degeneration of epithelial cells of experimentally 
produced cysts of the iris has been shown to occur with x rays (Suzuki, 
1934), it would not seem unreasonable to follow this with irradiation. 


Summary 


Two cases of spontaneous cysts of the ciliary body are described. 

It is suggested that these cysts may arise as a result of a transitory adhesion 
of the immature ciliary processes to the lens in the foetal eye. This soon 
breaks down, but in later life traction on the zonular fibres during accom- 
modation at the former site of adhesion produces a separation of the pig- 
mented and non-pigmented epithelium of the ciliary body to form a cyst. 

The clinical features of such cysts are noted and the differential diagnosis 
from melanosarcomata discussed. Their treatment is reviewed. 


I should like to express my gratitude to Mr. H. Campbell Orr for his encouragement and help 
in the preparation of this paper, and to Mr. M. J. Roper-Hall, Mr. A. Hirtenstein, and Dr. A. 
L. Woolf for constructive criticism. I am grateful to the West Bromwich and District Hospitals 
Group for defraying the cost of the colour plate. 
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CHANGES IN THE DEPTH OF THE ANTERIOR CHAMBER 
AND IN THE RADIUS OF CURVATURE OF THE FRONT 
SURFACE OF THE LENS DURING GROWTH* 
OBSERVATIONS ON THE RABBIT 


BY 


ARNOLD SORSBYf, JANET STONE, G. A. LEARY, AND 
MICHAEL SHERIDAN 


Ophthalmological Research Department, Royal College of Surgeons and Royal Eye Hospital 


IN an earlier study (Sorsby and Sheridan, 1953) attention was drawn to the 
theoretical need for a considerable reduction in the power of the cornea and 
of the lens during growth to compensate for axial elongation—seeing that 
the refraction of the baby’s eye is not markedly different from that of the 
adult, whilst the elongation presupposes a change of some 20-30 D. This 
theoretical assumption was tested in the rabbit: four animals between the 
ages of 4 to 30 weeks were followed up, and a marked reduction was regis- 
tered for the cornea, the power declining from over 60 D to well below 
50 D over that period. It was subsequently shown (Sorsby, Benjamin, 
Davey, Sheridan, and Tanner, 1957) that the corneal power stabilizes at 
around 43 D, by 60 to 80 weeks of age. Similar findings have been recorded 
by Chou (1954) and by Stone and Leary (1957). 

In the present study an account is given of the changes observed in the 
depth of the anterior chamber and in the curvature of the front surface of 
the lens in rabbits followed up from 7 to 80 weeks of age. A photographic 
method, recorded elsewhere (Sorsby, Benjamin, and Sheridan, 1961), was 
used to obtain these measurements. No data are available on the thickness 
of the lens, or on the radius of curvature of the back surface of the lens 
owing to technical difficulties; the rabbit lens is thick and not very suit- 
able for the photographic method which was evolved for use on the human 
eye with its very much flatter lens. In all, seventeen rabbits were studied 
and the measurements recorded are shown in the Table (overleaf). 

Figs 1 and 2 (overleaf) show the corresponding mean growth curves. 

It will be seen that the depth of the anterior chamber increases by 0-6 mm. 
up to 20 weeks of age and thereafter remains relatively stationary at about 
2-9 mm.; it had therefore already reached 4/5 of its final depth at 7 weeks 
of age. The front surface of the lens continues to flatten at least up to 
60 weeks, and possibly up to 80 weeks. It is apparent from Fig. 2 that the 
tate of flattening slows down after the 12th week: the total amount of flat- 
tening recorded is 1-8 mm., half of which occurred in the first 13 weeks of 


* Received for publication September 10, 1959. : ‘ 
t+ Working with a grant from the Alexander Pigott Wernher Memorial Trust, Medical Research Council. 
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Fic. 1.—Increase in depth of anterior chamber with age. 


observations, and over one-third in the first 5 weeks. A flattening in the 
average radius of curvature of the anterior surface of the lens by 1-8 mm. 
(from 5-2 to 7-0 mm.) over the period of observation suggests a very con- 
siderable change in power. How big the change is depends upon the 
refractive index of the lens, and there are reasons for believing that in the 
rabbit this is of the order of 1-60 or more (Sorsby and others, 1961). Taking 
the value of 1-60, the corresponding mean front surface powers of the lens 
at 7 and at 80 weeks are 51:3 D and 38-1 D. This represents a decline in 
power of 13-2 D (or 11-8 D if the increasing depth of the anterior chamber 
is taken into account), and compares with 14-8 D for the cornea over the 
same period (Stone and Leary, 1957). Between 7 and 80 weeks of age the 
flattening of the anterior surface of the lens is therefore of much the same 


order as that recorded for the cornea. 


It is impossible to apply findings on the rabbit to changes that occur in 
the human eye during growth, if only because a rabbit of 7 weeks is probably 
considerably more immature than a human baby at birth. The growth 
curve of the rabbit eye is in any case likely to be substantially different from 
that of the human eye. The available evidence is that at full-term birth the 
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Fic. 2.—Flattening of front surface of lens with age. 


human eye is 17-5 to 18-5 mm. long (Sorsby and Sheridan, 1960); this gives 
an axial elongation of some 6 mm. during post-natal growth. The eyes of 
newborn rabbits measure about 6 mm., and the average adult value for the 
rabbit is 18 mm. Both the amount of elongation and the rate of elongation 
are therefore substantially different from that seen in the human baby, and 
the compensatory changes are inevitably different too—quantitatively though 


not necessarily qualitatively. 
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SIGNIFICANCE OF ECCENTRIC FIXATION IN SQUINT* 
BY 
KENNETH WYBAR AND BARBARA THATCHER 


From the Orthoptic Department of Moorfields Eye Hospital (High Holborn Branch) 


INTRODUCTION 


THE problem of the restoration of full vision in the squinting eye in uni- 
ocular squints is one which obtrudes itself in every phase of the treatment of 
strabismus. There is, of course, nothing new in the recognition of the im- 
portance of the treatment of amblyopia in squint. Occlusion of the fixing 
eye in cases of squint has been a recognized procedure since the middle of the 
18th century, and there is undoubted evidence that this is an effective line of 
treatment in the majority of such cases. On the other hand, in a certain 
number of cases, occlusion, even when properly applied, proves to be in- 
effective and it would appear that most of the unsuccessful cases are those in 
which there is an early age of onset of the squint and particularly when there 
is an eccentric type of fixation of the squinting eye. It is with cases of eccen- 
tric fixation that this paper is primarily concerned, and with a re-assessment 
of the widely recognized concept that in cases of amblyopia it may be possible 
to restore vision only to the functional level which existed at the time of onset 


of the amblyopia. 


DEVELOPMENT OF AMBLYOPIA AND ECCENTRIC FIXATION 


In order to establish a clear understanding of the development of eccentric 
fixation, it is important to be acquainted with the role of the retinal receptors 
in the visual processes. In the normal eye the retinal receptors have two 
distinct functions. In the first place, they have a visual acuity value, al- 
though all do not have equal functional abilities. The receptors of the 
macula, and more particularly those of the central zone of the macula or 
fovea, have a high visual acuity value and are concerned solely with central 
vision, whereas the receptors of the other parts of the retina have a low 
visual acuity value and are concerned solely with peripheral vision. It is 
important to note, however, that the visual function of the macula is devel- 
oped gradually over the first 5 or 6 years of life. This delay in the achieve- 
ment of full central vision is due partly to the fact that the macula is not 
completely formed at birth, but mainly to the inevitable delay in the full 





* Received for publication April 8, 1960. 
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appreciation of the macular function in the visual cortex of the brain, and the 
basic elements of this cortical appreciation are not established until about the 


6th year of life. 


In the second place, the retinal receptors have a spatial sense value, and 


_ this implies that each receptor in the retina possesses “‘local sign”, so that 


excitation of each receptor is appreciated in the visual cortex in terms of 
projection in space, quite apart from a visual appreciation. Each retinal 
receptor has a unique type of spatial projection so that excitation of one 
receptor is discriminated from excitation of any other receptor. In the 
normal eye the fovea is highly endowed with local sign and its spatial sense 
consists of a straight-ahead type of projection, that is, a central type of fixa- 
tion. The other retinal receptors have a spatial projection which is ranged 
round that of the fovea according to their position in the retina, so that the 
fovea forms the central point of reference. This is the mechanism of visual 
projection and it provides information on the localization of objects in space. 
Furthermore, it is important to realize that under normal conditions the fovea 
of one eye is associated with the fovea of the other eye in the visual process, 
so that both foveae are directed to the same object at the same time. In this 
way, the foveae may be regarded as corresponding retinal points and this 
concept of retinal correspondence must be.extended to all parts of the retina 
so that there are points throughout the nasal part of the retina of one eye 
which correspond to points in the temporal part of the retina of the other 
eye, each pair of corresponding points lying equidistant from the foveae. 
Simultaneous stimulation of corresponding retinal points results inthe forma- 
tion of a single visual image with a single projection in space, although it 
should be noted that the term “retinal point” has a physiological rather 
than a strictly anatomical meaning, so that within a narrow area of retina 
(Panum’s area) disparate stimulation is compatible with the formation of a 
single image. 

The development of squint in many cases gives rise to an alteration in the 
function of the retinal receptors. In the first place, there may be an inhibi- 
tion of the visual acuity of the retinal receptors in the macular region of the 
squinting eye, and this is due to a process of ocular neglect or suppression 
which is initiated in the cerebral cortex as an adaptation to the occurrence of 
confusion, a term which implies a form of diplopia arising because the macula 
of the squinting eye and the macula of the non-squinting eye are directed at 
the same time to different objects. (This differs from the usual form of 
diplopia in squint which is produced by stimulation of non-corresponding 
retinal points by the same object). This inhibition may assume two forms 
depending on whether the squint is uniocular or alternating in type. Ina 
uniocular squint the inhibition is obligatory because it persists in the macula 
of the squinting eye irrespective of the state of activity of the macula of the 
non-squinting eye. This may be termed amblyopia ex anopsia, and Chavasse 
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(1939) distinguished between two different forms of this amblyopia: ambly- 
opia of arrest and amblyopia of extinction. In cases in which the process 
of inhibition is applied before the establishment of normal full vision, that is 
in cases of uniocular squint present from birth or developing in early life, the 
vision which has had no chance of developing is ternied ‘amblyopia of 
arrest”. This differs from “‘amblyopia of extinction”’, which represents the 
vision which has been lost during the process of inhibition but was present 
at the time of development of the squint. It follows that amblyopia is parti- 
cularly dense in patients with squints which have occurred early in life, and 
it is important to note that in a young child suppression is acquired easily 
because the binocular reflexes are not fully established. It should be realized 
that the existence of this inhibition during the development of a squint is 
not a passive capitulation, but a reflex which is brought into play by activity 
of the visual part of the cerebral cortex. It is unfortunate, however, that 
such positive action is followed by a negative end-result. In an alternating 
squint the inhibition is facultative because it persists in the macula of the 
squinting eye only during the period of active use of the macula of the non- 
squinting eye, and changes readily from one eye to the other so that each is 
capable of functioning normally in turn. This paper is not concerned with 
the problem of facultative inhibition. 


In the second place, in the development of a squint, there may be an altera- 
tion in the spatial sense of the retinal receptors of the squinting eye over the 
whole region of the retina, including the fovea, so that a non-foveal retinal 
receptor assumes a foveal type of fixation. This type of fixation is termed 
eccentric fixation, and it is a phenomenon which is confined to a uniocular 
type of squint. The alternating type of squint, despite the presence of a well- 
marked alternating form of suppression, is in visual harmony with its environ- 
ment, because each fovea in turn holds the centre of attention so that all 
objects are referred to this central point of reference and there is no stimulus 
to develop an eccentric type of fixation. There is evidence that an eccentric 
type of fixation develops more frequently and more rapidly when the uni- 
ocular squint occurs at an early age (Worth, 1903). Eccentric fixation, like 
suppression, is an adaptation of the visual cortex to the presence of an ocular 
deviation, but it must be realized that it is an unrewarding development 
because, despite the ability of a non-foveal retinal receptor to change its 
spatial sense to a foveal form of fixation, there is no change in its visual 
acuity value so that the eccentric point of fixation retains a low level of vision. 

In a discussion of eccentric fixation it is important to consider its relation- 
ship to abnormal retinal correspondence. Eccentric fixation is a uniocular 
phenomenon and implies that fixation of the squinting eye during occlusion 
of the non-squinting eye is of an eccentric type so that fixation is undertaken 
by a non-foveal point, although it is likely that eccentric fixation is preceded 
invariably by an abnormal retinal correspondence. By contrast, abnormal 
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retinal correspondence is a binocular phenomenon and implies the establish- 
ment of a new series of retinal correspondences in the squinting eye during 
the use of the two eyes together. It is obvious that the abnormal retinal 
correspondence of the squinting eye must be centred in some retinal point 
other than the fovea, but this is not necessarily the point used for fixation 
during occlusion of the non-squinting eye, so that abnormal retinal corres- 
pondence may or may not be associated with an eccentric fixation. The im- 
portance of the association and yet independence of eccentric fixation and 
abnormal retinal correspondence establishes the fact that the restoration of 
true fixation by the elimination of eccentric fixation does not necessarily alter 
an accompanying abnormal retinal correspondence. 


EMERGENCE OF PLEOPTIC METHODS 


The progress of medicine is often gradual, but sometimes rapid advance 
is made due to the development of a new idea. Such an advance in the 
understanding and treatment of amblyopia is seen in the study of pleoptics 
which presents a new approach to the problem. The word pleoptics, which 
means ‘“‘full vision’, is used to describe certain methods of treatment of 
amblyopia ex anopsia and of anomalies of fixation, which aim at restoring 
normal visual acuity and normal fixation in the affected eye. The term was 
applied originally by Bangerter (1953), who described such a method of 
treatment. By this method the diagnosis of eccentric fixation is made by 
asking the patient to fix a point of light which is projected on to the fundus 
by an ophthalmoscope, and any fixation which is not strictly foveal is regarded 
aseccentric. The treatment of eccentric fixation aims at a functional destruc- 
tion of the eccentric point of the deviating eye by dazzling or blinding it with 
a light of high intensity, followed by intermittent stimulation of the true fixa- 
tion area (that is, the fovea) by a flashing light which enters the eye through a 
modified Gullstrand ophthalmoscope. This passive method of treatment is 
followed by active methods in which the patient is taught to recognize a true 
type of foveal fixation. Many instruments are used in such treatment, and 
emphasis is laid on the importance of utilizing the play instincts of the child 
and of involving the use of the hands with the visual functions. 


More recently, a different method of treatment of amblyopia and of ano- 
malies of fixation has been introduced by Ciippers (1956), and his method 
forms the basis of this paper. Ciippers emphasizes the importance of estab- 
lishing a clear understanding of the exact nature of a case of eccentric fixation 
before proceeding with its treatment, and for this reason the methods of 
diagnosis and treatment are discussed separately. There are, however, two 
aspects of the subject—the role of occlusion and the assessment of the visual 
acuity—which are concerned with both diagnosis and treatment, and these 
will be detailed in the first place. 
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ROLE OF OCCLUSION IN ECCENTRIC FIXATION 


It is now widely recognized that occlusion of the non-squinting eye is of 
no value in restoring vision in the squinting eye once that eye has acquired an 
established form of eccentric fixation. It is interesting to recall that Chavasse 
(1939) showed that occlusion is rarely successful in patients in whom a squint 
had developed in the first year of life, but that the percentage of success in- 
creased with the age at onset, so that occlusion was successful in 93 per cent. 
of squints which occurred after the age of 5 years; it is almost certain that 
this relative failure of occlusion in squints of early onset is due to the pre- 
sence of an eccentric type of fixation. It is suggested, however, that occlusion 
of the non-squinting eye may be successful even when the fixation of the 
squinting eye is regarded as eccentric (Yoxall, 1939; Chinaglia and Amidei, 
1955), but it is difficult to accept this finding without the reservation that it is 
not possible to ascertain a re-establishment of true central fixation without 
examination by the newer diagnostic instruments, such as the Visuscope. 

If such cases exist, it is likely that the occlusion of the non-squinting eye 
has been adopted at an early stage in the development of the eccentric 
fixation when the retinal receptors were still in a state of flux, and it would 
appear that, in any case of established eccentric fixation, occlusion of the 
non-squinting eye is contraindicated because it merely fosters the eccentric 
retinal point of the squinting eye. It follows, therefore, that the logical 
treatment of such cases is to carry out total occlusion of the squinting 
eye in order to eliminate the persistent use of the eccentric retinal point, and 
there is evidence that this procedure facilitates the application of pleoptic 
treatment at some later date. It is of great interest to note, however, that in 
a few cases of eccentric fixation in children too young to respond to pleoptic 
methods, a spontaneous but gradual shift of fixation from an eccentric point 
to a centric one has occurred during prolonged total occlusion of the affected 
eye. It is possible that this rare event occurs only in cases in which the 
eccentric fixation is not fully established at the time of occlusion. 

Occlusion plays an important part in the diagnostic and therapeutic 
phases of pleoptic methods. This consists of occlusion of the unaffected eye 
during the examination and treatment of the affected eye, so that the patient 
is able to concentrate the attention of the eccentrically fixing eye wholly on 
the tests. This occlusion also serves the purpose of avoiding any influence 
which the presence of an abnormal retinal correspondence may have on the 
fixation of the affected eye. At all other times, however, it is essential to 
maintain constant occlusion of the affected eye until the successful completion 
of the treatment. This occlusion is of no value by itself in eliminating eccen- 
tric fixation once this is established, but it does prevent the continued use of 
the eccentric point, and therefore facilitates the disappearance of eccentric 
fixation following treatment. The re-establishment of central fixation in the 
affected eye, as a result of treatment, may be followed by occlusion of the 
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unaffected eye in order to concentrate attention on the re-established fovea 
of the affected eye, but it must be emphasized that it is essential to avoid 
transferring occlusion to the unaffected eye until there is a complete re- 
establishment of a correct localization of the affected eye, otherwise there may 
be a tendency for a reversion to the original state of eccentric fixation. 


VISUAL ACUITY IN ECCENTRIC FIXATION 

In untreated eccentric fixation, unless the eccentric point is adjacent to the 
fovea, there is a complete loss of central vision due to foveal inhibition. 
The vision of the eccentric point in such cases is variable; it may be as low 
as a mere awareness of hand movements or it may be as high as 6/60. Ina 
few cases, however, the eccentric point is close to the fovea and vision may 
be as high as 6/12 despite a slightly eccentric fixation. The appreciation of 
letters at a reading range is similarly reduced. During the treatment of 
eccentric fixation it is important to record the visual acuity at the various 
stages of treatment, because this is a true measure of foveal function, and the 
restoration of foveal fixation in no way implies an automatic restoration of 
foveal function. In cases in which there is an improvement in vision, it is 
interesting that there is a definite delay in the restoration of the ability to read 
correctly groups of letters despite the earlier return of the ability to read 
correctly individual letters of the same size as the letters in the group. It is 
likely that this peculiarity of vision is related to the phenomenon of visual 
agnosia and that it represents an upset of a perceptual nature as part of the 
mechanism of suppression. The visual acuity of individual letters may be 
termed the “‘angular visual acuity” to distinguish it from the “‘cortical visual 
acuity”’ which is concerned with a series of letters. Both forms of visual 
acuity should be recorded at each examination. 


DIAGNOSIS OF ECCENTRIC FIXATION 


The establishment of the diagnosis of eccentric fixation is achieved by the 
use of several instruments, including the Visuscope, the Euthyscope, and the 
Coordinator. Information is also obtained by an assessment of the sup- 
pression scotoma on the Bjerrum screen. It is possible to diagnose certain 
cases of eccentric fixation simply by the appearance of the corneal reflections 
during the application of the cover test, but this is an unreliable method, 
particularly if the eccentric point of fixation is adjacent to the macula, and 
confusion may be caused also by the presence of an abnormally large angle 
alpha. 


(1) The Visuscope (Ciippers).—This is a conventional ophthalmoscope in- 
corporating a small star in the path of light within the ophthalmoscope so that 
the star is directed on to the retina during examination of the fundus, and 
appears to the observer as a black star. The patient fixes the star and un- 
desirable movements of the eye are avoided by using a relatively low illumina- 
tion. The purpose of the examination is for the observer to determine the 
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area of the retina which is used for fixation by an assessment of the position 
of the star in relation to the fovea. The fovea is identified readily by a 
trained observer, but its recognition may be made easier by the use of a green 
filter. It is possible to carry out the examination with the undilated pupil, 
but the examination is facilitated by the use of a mydriatic, particularly in 
young children. If the fixation of the eye under examination is normal, the 
star is found on the fovea, but if there is any abnormality of fixation the star 
assumes an extra-foveal position. There are two forms of extra-foveal fixa- 
tion. First, the star may be fixed by a constant extra-foveal point (Fig. 1a), 
which may be close to the fovea or some distance from it in any direction, 
even on the nasal side of the disc. In certain cases it may be difficult to 
establish whether a point is eccentric or not when it is situated close to the 
fovea, particularly when fixation is unsteady with quick lateral movements on 
and off the macula. It is important, therefore, for the examiner to acquire 
a wide experience of the normal range of variations. Secondly, the star may 
be fixed by a number of different extra-foveal points over a wide area of the 
retina so that there is no one constant point of fixation (Fig. 1b). It should 
be realized, however, that the eccentric point of fixation as seen by the Visu- 
scope may not necessarily correspond with the eccentric point of fixation 
which the patient uses for straight-ahead projection in space. For example, 
in a convergent squint with eccentric fixation, the retinal: point associated 
with a straight-ahead projection lies on the nasal side of the fovea, but the 
retinal point adopted for the fixation of the Visuscope star may approach 
nearer to the nasal side of the fovea or may even pass to the temporal side 
of the fovea. In certain of these cases it seems that this point of fixation of 
the Visuscope star corresponds in position to the border of the suppression 
scotoma which results from the presence of macular inhibition and which 
may be plotted on the Bjerrum screen (Fig. 1c), but in other cases the star 
is not related to the border of the scotoma. This change of retinal fixation 
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Fic. 1.—Right convergent squint with eccentric fixation. Diagnosis with Visuscope. 


(a) Fixation of star (S) by definite retinal point. 
(b) Fixation of star (S) over varying retinal area. 
(c) Fixation of star (S) at temporal border of area of retinal inhibition (1). 
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with the Visuscope may represent an attempt by the retina to obtain a 
clearer view of the star. 

The Visuscope, therefore, provides a method of arriving at a diagnosis of 
eccentric fixation, and it should be emphasized that it is applicable even to 
very young children, although special steps should be taken to ensure that 
the child is concentrating his attention. Repeated instructions to “look at 
the star’ must be given, otherwise fixation may be ill-sustained through 
lack of attention. It may be logical to conclude that occlusion of the unaffec- 
ted eye should not.be undertaken in any case of uniocular squint without an 
assessment of the state of fixation of the squinting eye with the Visuscope, 
although this may be a counsel of perfection. 

In some cases of eccentric fixation, the Visuscope is also of value in asses- 
sing the state of foveal function. This is concerned with the subjective im- 
pression obtained from the patient by directing the star from the Visuscope 
on to the fovea. If the foveal inhibition is dense the patient fails to see the 
star, but if there is some foveal function the star is appreciated, although not 
in the central part of the beam of light because of the abnormal projection 
of the fovea in association with the adoption of a straight-ahead projection 
of the eccentric retinal point. It is interesting to note, however, that in 
certain cases the star appears double through the persistence of some degree 
of normal foveal projection despite the development of an abnormal foveal 
projection. The “incorrect” star is thus seen more clearly than the “‘correct” 
one. 

A further application of the Visuscope is its use in determining the state 
of binocular retinal correspondence of the foveae of the two eyes. The test 
is carried out at a distance of 1 m. and, whilst the non-squinting eye is fixing 
the spot-light at the centre of the Maddox cross (tangent scales) through an 
inclined mirror, the star from the Visuscope is directed on to the fovea of the 
squinting eye. The star is then projected by the patient on to the Maddox 
cross; a normal state of foveal correspondence is present if the star is centred 
on the spot-light, but if the star is projected away from the light the angle 
of anomalous binocular localization is indicated according to the position 
of the star on the cross. It is obvious that this test is applicable only to 
cases in which the star from the Visuscope is able to be appreciated by the 
fovea of the squinting eye, and this implies an absence of complete foveal 
inhibition. Furthermore, it is a necessary part of the test that the vision 
of the squinting eye is sufficient to permit steady fixation of the light on the 
Maddox cross. 


(2) The Euthyscope (Ciippers).—This instrument is concerned with the 
production of after-images from the fovea and from a small area of the sur- 
rounding retina of the affected eye. The examination with the Euthyscope 
is preceded by instillation of a mydriatic in order to achieve full dilatation of 
the pupil. The Euthyscope is used to project a bright beam of light on to 
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an area of the retina which is 30° in size with the fovea as the central point. 
At the centre of the illuminated area there is a circular area, 3° to 5° in size, 
which is not illuminated because of the insertion of an opaque disc into the 
ophthalmoscope. It is essential that this instrument is kept still during use 
and that there is no movement of the patient’s eye so that the centre of the 
unlit area is maintained on the fovea. The light with its dark centre is pro- 
jected into the eye for 20 to 30 seconds. The patient then directs his eye to a 
white screen witha central cross, and he is instructed to observe the 
appearance of the after-image and to describe its relation to the central 


cross. 


The appearance of an after-image is a well-known physiological pheno- 
menon, and demonstrates the fact that stimulation of the retina produces a 
response which is not limited in time to the duration of the stimulus. The 
primary image, which is the immediate result of the stimulus, is followed by 
an after-image which may be of two types: first, a positive after-image, which 
is a persistence of a physiological process of the same type as that which 
produces the primary image, so that it appears as a bright 30° area with a 
dark 3°-5S° central area, and secondly, a negative after-image, which is a 
persistence of a physiological process of the opposite type to that which pro- 
duces the primary image, so that it appears as a dark 30° area with a bright 
3°-5° central area. In the normal subject the negative phase may follow the 
positive phase three or four times after one stimulation, and the whole pro- 
cess may persist for as long as 30 minutes. The observation of an after- 
image may be difficult, particularly in an eye with marked macular 
suppression, but its appearance may be enhanced by the use of an Alterno- 
scope, which provides regulated, but variable, light and dark phases on the 
viewing screen by means of a flashing light. This flickering light results in 
blinking, and the rapid movements of the lids cause an accentuation of the 
after-image, particularly the negative one. It is usually found that the 
denser the suppression the shorter must be the light phase of the Alterno- 


scope. 


In eccentric fixation, the central spot of the after-image, whether seen in 
the positive or negative phase, is projected away from the central cross on the 
screen because of the straight-ahead localization of the eccentric retinal point 


(Fig. 2, opposite). 


In a convergent squint, the projection is to the side opposite to the 
squinting eye, and in a divergent squint the projection is to the same side as 
the squinting eye, that is, the direction of the visual projection is the same as 
the direction of the squint. For example, in a right convergent squint the 
projection is to the left (Fig. 2), and in a right divergent squint the projection 
is to the right. The Euthyscope, therefore, provides useful diagnostic in- 
formation in cases of eccentric fixation, but it is also of value in determining 
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the chances of successful treatment, because there is evidence that the ready 
ability of the patient to convert a positive after-image to a negative one is a 
favourable sign. 





\y 4 


7E mM 
Fic. 2.—Right convergent squint with Fic. 3.—Right convergent squint with 
eccentric fixation. eccentric fixation. 
Diagnosis with Euthyscope and screen Diagnosis with Coordinator. 
with fixation cross. Straight-ahead localization of eccentric 
Straight-ahead localization of eccentric retinal point (E). Projection of brush from 


retinal point (E). Projection of after-image macula (M) to left. 
from macula (M) to left. 


(3) The Coordinator (Ciippers).—This instrument makes use of the entop- 
tic appearance of Haidinger’s brushes during the passage of polarized light 
rays into the eye through a Nicol prism. This physiological phenomenon 
is probably the result of the double refracting action of the parallel arrange- 
ment of the radial fibres of Henle’s layer in the parafoveal part of the retina. 
It follows that the brushes are visible only in cases in which there is some 
degree of macular function, so that a failure to appreciate the brushes signifies 
a dense inhibition of the macula. The presence of some degree of macular 
function usually indicates that the point of eccentric fixation lies close to the 
fovea, and, conversely, the presence of dense inhibition of the macula usually 
indicates that the point of eccentric fixation lies at some distance from the 
fovea. In cases of eccentric fixation showing an appreciation of the brushes, 
they are projected away from the central target because the eye is regarding 
the target with the point of eccentric fixation (Fig. 3). The ability of the 
patient to change the localization of the brushes so that they are projected on 


to the target is a favourable sign for successful treatment. 
31 
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(4) Determination of the Suppression Scotoma.—The development in the 
squinting eye of an eccentric type of fixation implies the presence of a state 
of inhibition of the macular area. The extent of this inhibition may be 
determined by plotting the scotoma on the Bjerrum screen during the fixation 
of the central target of the screen with the eccentric retinal point. It is 
obvious, of course, that this method of examination is possible only when the 
point of eccentric fixation is able to maintain fixation. 


TREATMENT OF ECCENTRIC FIXATION 


This involves the use of several instruments which vary according to 
whether the treatment is uniocular or binocular in its application. The 
uniocular forms of treatment are concerned with the Euthyscope, the Co- 
ordinator, and with various forms of apparatus which provide visual exercises. 
The binocular forms of treatment are concerned with the incorporation of 
after-images and of Haidinger’s brushes in the synoptophore, and finally with 
the conventional methods of treating squint with the ordinary synoptophore. 


(1) The Euthyscope (Ciippers).—This instrument is used in the treatment 
of eccentric fixation and its particular importance lies in its use in cases which 
show an inhibition of foveal function because such patients are not suitable 
for treatment with the Coordinator. The treatment with the Euthyscope 
is based on the concept that an eye with eccentric fixation is unable to fix with 
the fovea an object in space, either spontaneously or even after occlusion of 
the sound eye. It is essential, therefore, to create a process in the macula 
which results in the formation of an image in space, and then to produce a 
re-orientation of the cerebral cortical processes so that the image is appreci- 
ated in the correct line of projection. As discussed earlier in this paper, the 
after-image produced by the Euthyscope is concerned with the fovea and with 
an area of retina 3°-5° around the fovea, and this implies that the eccentric 
point must not lie nearer than 3° to the fovea, otherwise the stimulation of the 
fovea is associated with a similar stimulation of the eccentric point. In fact 
most cases which are suitable for treatment with the Euthyscope show an 
eccentric point which is fairly remote from the fovea, and it is usual to use a 
disc which causes the production of after-images from an area of retina 5° 
around the fovea, but this may be reduced to 3° if the eccentric point lies 
between 3°—5S° from the fovea. 

The first aim in treatment with the Euthyscope is to restore the true spatial 
value of the macula so that stimulation of the macula results in a straight- 
ahead projection. In eccentric fixation the patient projects the after-image 
away from the central cross on the white screen because of a persistence of 
the straight-ahead localization of the eccentric retinal point, so that he thinks 
that his eye is looking straight-ahead despite its convergent position (Fig. 2), 
but with time and concentration the position of the after-image on the screen 
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is changed so that it comes to lie on the cross. It is common experience that 
a stage is reached in this treatment when the patient is able to centre the after- 
image correctly but feels that he is looking to the side of the target; in the 
case of a right convergent squint the patient feels that he is looking to the 
right (Fig. 4), and in the case of a right divergent squint the patient feels that 
he is looking to the left. This is an important stage in the treatment with the 
Euthyscope because it implies a restoration of a correct localization in space 
of the fovea despite the persistence of some spatial information from the 
original eccentric point of fixation so that the eye feels as though it is directed 
in the visual axis of the eccentric point (Fig. 4). In such cases the patient 
must be encouraged to appreciate that he has achieved a straight-ahead pro- 
jection, and it is interesting that children sometimes achieve recognition of 
this more quickly than adults. Emphasis is laid throughout treatment on 
the importance of improving the coordination of the hand and the eye, and 
the patient is told to touch the image with his hand. In the early stages of 
treatment the distance between the patient and the screen should be about 
one-third of a metre in order to simplify the test and to enable the patient 
to touch the screen with his hand, but in the later stages of treatment, once 
the true spatial value of the macula is restored with a 

normal type of fixation, the distance is increased in 

order to enhance the effect. When the after-image 

has disappeared the Alternoscope is switched off and 

the patient is instructed to close his eyes tightly for / 
a few seconds. This may revive the after-image and / 
treatment may then be continued. No further / 
application is made with the Euthyscope until the / 
original after-images have completely disappeared. / 


Fic. 4.—Right convergent squint with eccentric fixation. / 
Treatment with Euthyscope and screen with fixation cross. 
Straight-ahead projection of after-image from macula(M). Local- | 


ization of eccentric retinal point (E) to right. 





When the true spatial value of the macula has been restored, attention 
should be directed to the problem of improving the central visual acuity, 


and it is essential to utilize the negative phase of the after-image for this part 
of the treatment. In a normal subject the negative after-image appears 


rapidly, but in a patient with established amblyopia the negative after-image 
may be achieved with difficulty, and the time taken for the reversal of the 


after-image varies according to the density of the suppression. It must be 
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realized that the light from the Euthyscope increases the excitation of the 
part of the retina surrounding the macula, but by virtue of the central black 
spot which protects the macular area there is a decrease in the excitation of 
the macular area and an enhancement of its amblyopic state. It is necessary 
to reverse this undesirable state of affairs by an appreciation of the negative 
after-image, and it is possible to view objects which are placed on the screen 
through this clear central zone. This is the essence of the treatment with the 
Euthyscope because it provides a method of overcoming the amblyopia of the 
macular region, and the prognosis for the treatment of such cases depends to a 
large extent on the facility with which it is possible to create a negative after- 
image. Initially, it is important to present the subject with fairly large single 
letters and to have a working distance of about one-third of a metre, but, 
once there is some improvement in the visual acuity, smaller letters may be 
used and the working distance may be increased. In the later stages of 
treatment it is possible to use groups of letters. 


(2) The Coordinator (Ciippers).—The treatment of eccentric fixation with 
the Coordinator represents an important phase of treatment because it is 
concerned directly with the restoration of macular and foveal functions, but 
its dependence on the appearance of Haidinger’s brushes obviously limits its 
application to cases in which there is normal function of the macula or para- 
macular region. The Coordinator is of value in cases with marked eccentric 
fixation in which some degree of macular fixation has been restored by treat- 
ment with the Euthyscope, although the fixation may be unsteady. Its main 
value, however, is in cases in which the point of eccentric fixation lies within 
3° of the fovea before starting treatment, such cases being unsuitable for 
treatment with the Euthyscope because the central dark area formed by the 
Euthyscope includes the eccentric point in addition to the fovea. In the 
different phases of treatment with the Coordinator the use of the diaphragm 
(Ciippers, 1958) is of particular importance; initially, a small aperture is used 
in order to limit the area of the macula stimulated by the polarized light, but 
in the later stages the aperture is increased in size. 

Treatment with the Coordinator is dependent on an appreciation of the 
brushes within the instrument and on an ability to project these brushes on 
to the centre of a target. It is likely that in the early stages of treatment the 
brushes will appear to be projected away from the central area because of a 
persistence of a straight-ahead localization of the eccentric retinal point 
(Fig. 3), but with time and concentration projection becomes accurate, al- 
though for a period there may be an impression, despite the centring of the 
brushes, that the eye is directed beyond the point of fixation because of the 
persistence of an impression that the eccentric point has a straight-ahead type 
of projection (Fig. 5, opposite). In the initial stages of treatment the brushes 
may disappear or become blurred, but they are maintained more easily ina 
central position by reducing the size of the diaphragm. The aperture may be 
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gradually widened provided the brushes are maintained in a central position 
but it is interesting to note that the brushes may appear double at this stage. 
This is because the wide aperture allows the simultaneous appreciation of 
the true foveal projection and of the persisting false foveal projection (Fig. 
6a). This double foveal projection may be avoided by narrowing the aper- 
ture in order to obscure the clear but incorrect image (Fig. 6b) until there is a 
full restoration of normal foveal projection. 
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Fic. 5.—Right convergent squint with Fic. 6.—Right convergent squint with eccen- 
eccentric fixation. tric fixation. Double foveal projection of 
Treatment with Coordinator. Haidinger’s brushes (Coordinator). 
Straight-ahead projection of brush from (a) Straight-ahead projection of brushes 
macula (M). Localization of eccentric from macula (M)—correct brushes but blurred. 
retinal point (E) to right. Projection of brushes from macula (M) to 


left—incorrect brushes but clear. 

(6) Straight-ahead projection of brushes 
from macula (M)—correct brushes. Incorrect 
brushes hidden by diaphragm (D). 


When true foveal fixation has been established with a normal sense of 
spatial values, it is important to enhance it by relating the eye to other forms 
of motor coordination, particularly to movements of the hand. This may 
be achieved by projecting the brushes on to different parts of the target and 
at the same time by touching these parts with a pointer controlled under 
direct view by the hand. In the early stages of treatment it is likely that the 
pointer will be directed away from the brushes, that is, away from the centre 
of the target, because of a persistence of fixation of the pointer by the eccen- 
tric retinal point (Fig. 7a). The aim of treatment is to superimpose the 
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pointer on the brushes, but it should be noted that it is possible at this stage 
of treatment to find an apparent superimposition of the pointer on the 
brushes and yet a persistence of the use of the eccentric retinal point for the 
fixation of the pointer. This is because the eccentric retinal point has 
retained a foveal type of projection, so that there is an apparent superimposi- 
tion of the pointer and the brushes (Fig. 7b). This false type of super- 
imposition is due to the identical localization of two different retinal points, 
and it may be avoided by the use of the small aperture of the diaphragm 
because this precludes the stimulation of the eccentric point by an object 
within the visible area (Fig. 7c). Treatment is continued until the patient is 
able to obtain correct superimposition of the pointer and the brushes despite 
the use of a large aperture (Fig. 7d). Subsequent treatment with the Co- 
ordinator consists in teaching the patient to project the brushes on to various 
dots or letters which are identified in order to facilitate the re-establishment 
of central vision. 


+ 














Fic. 7.—Right convergent squint with eccentric fixation. 

Identical localization of two different retinal points (Coordinator with pointer). 

(a) Separation of brushes and pointer; brushes projected straight ahead by macula (M), 
pointer fixed by eccentric retinal point (E). 

(b) False superimposition of brushes and pointer; brushes projected straight ahead by macula 
(M), pointer fixed by eccentric retinal point (E) with foveal type of projection (dotted line). 

(c) Correct superimposition of brushes and pointer; brushes projected straight ahead by macula 
(M), pointer fixed by macula (M). Small aperture of diaphragm (D) precludes stimulation of 
eccentric retinal point (E). 

(d) Correct superimposition of brushes and pointer ; brushes projected straight ahead by macula 
(M), pointer fixed by macula (M). Inhibition of eccentric retinal point (E) despite wide aperture 
of diaphragm. 
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A further application of the Haidinger’s brushes method is the use of an 
instrument which permits the brushes to be projected into space instead of 
being appreciated within the Coordinator. The brushes are projected on to 
a brightly-lit white magnetic screen on which it is possible to fix letters of 
different sizes in any position with varying degrees of separation. The first 
stage of this treatment is to learn to project the brushes on to the centre of 


the screen and, as in treatment with the Coordinator, the use of the small 


aperture limits the area of retinal stimulation initially, but later there is a 
gradual opening of the diaphragm with a maintenance of the correct projec- 
tion of the brushes. The second stage of treatment is to superimpose the 
correctly projected brushes on to a single letter on the screen with a simul- 
taneous identification of the letter. The patient is placed at varying distances 
from the screen. The diaphragm is also used during this treatment. Groups 
of letters may be used and their positions may be varied according to the area 
of inhibition and false localization present. In the early stages of treatment 
two letters may be appreciated; one letter which is seen by the macula and 
on which the brushes are superimposed, and a second letter which lies to the 
side of the brushes and is seen by the eccentric retinal point (Fig. 8a). In the 
later stages of treatment the enhancement of the function of the macula is 
associated with an inhibition of the eccentric retinal point so that only one 
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Fic. 8.—Right convergent squint with eccentric fixation. 

Line of letters viewed through Haidinger’s brushes in space. 

(a) Subjective appreciation of two letters; one by macula (M), one by eccentric retinal point (E). 

(b) oe appreciation of one letter only by macula (M). Inhibition of eccentric retinal 
point . 

(c) Subjective appreciation of two superimposed letters; one by macula (M), one by eccentric 
retinal point (E) with foveal type of projection (dotted line). 
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letter is visible, namely that seen by the macula, with a failure to appreciatv 

the letter stimulating the eccentric retinal point (Fig. 8b). It should be 

noted, however, that failure to see the second letter which lies to the side of 
the brushes may be associated with the superimposition of two letters on the 
brushes, and this is due to the persistence of a foveal type of projection of the 
eccentric retinal point (Fig. 8c). This false superimposition of the two letters 
is due to the identical localization of two different retinal points, and may be 
considered as a form of uniocular diplopia despite the fact that the two 
objects appreciated simultaneously are not separated from one another. A 
further form of uniocular diplopia may become apparent during this treat- 
ment through a persistence of a false type of foveal projection despite the 
re-establishment of a true type of foveal projection. This is illustrated by 
the observations of a patient with a right convergent squint and eccentric 
fixation who noticed, on projecting the brushes on to the letter “E” at a 

‘ distance of 3 m. (Fig. 9a), that the clear “‘E”’ moved to the right and that a 
blurred ‘‘E” moved in behind the brushes from the left (Fig. 9b). It may be 
assumed that the blurred ““E” represents a persistence of the false foveal 
type of projection of the eccentric point, whereas the clear ““E”’ represents 
the true projection of the same point. On attempting to move the correct 
projection of the ““E” on the right back to the centre, both “E”’s moved 
simultaneously to the left, the brushes remaining on the blurred “E” (Fig. 
9c). Ona second attempt to place the brushes on the clear projection of the 
““E” at the right, both the brushes and the blurred “‘E”’ moved to the right 
(Fig. 9d) and the two “‘E”’s then joined (Fig. 9e) and jumped back into the 
centre with the brushes (Fig. 9/). 

Experience in the treatment of cases of eccentric fixation with the Co- 
ordinator has shown that there may be no absolute correlation between the 
re-establishment of central fixation and the return of full foveal vision. It is 
essential to concentrate attention on restoring a normal type of fixation 
before making any attempt to improve the vision to a normal level, but there 
is evidence that, even after the full restoration of foveal fixation, there may 
be a comparative failure in the improvement of central vision. 


(3) Visual Exercises.—In cases in which there is a restoration of some 
degree of central vision following the re-establishment of central fixation, it 
is important to improve the vision further by the application of various visual 
exercises, many of which may be carried out at home. The exercises are 
directed largely to the appreciation of the separation of closely related 
objects and involve the mechanism of cerebral coordination because of the 
use of the hand with the visual processes. Examples of such exercises are 
the crossing out of a particular letter throughout a page of print, or the 
pricking of a picture formed by dots. The separation between the letters 
and dots may be decreased as the visual acuity improves until a normal level 
of vision is attained. 
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Fic. 9.—Right convergent squint with eccentric fixation. Uniocular 
diplopia with Haidinger’s brushes in space. 


(4) Restoration of Binocular Function.—It is natural that the emphasis of 
treatment for eccentric fixation is on uniocular methods because the main 
purpose of such treatment is the restoration of a normal type of fixation and of 
a normal type of vision in the squinting eye. Such a method is of great value 
when it is applied to a squinting eye with eccentric fixation following the 
loss of function in a normal non-squinting eye through trauma or disease, but 
this represents only a small number of cases. The essential aim of treatment 
in the majority of cases of squint with eccentric fixation is the develop- 
ment of binocular function, and this must follow closely on the re-establish- 
ment of correct uniocular fixation. The method of binocular training 
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involves the incorporation of after-images, of a vertical and horizontal type, 
in the synoptophore in order to stimulate a correct binocular localization 
from both maculae. This treatment results in a gradual decrease in the angle 
of abnormal binocular localization, but it is essential to continue the treat- 
ment with a method involving the incorporation of Haidinger’s brushes in 
the synoptophore, because such a method is concerned directly with the 
restoration of true foveal values. The ability to superimpose correctly the 
after-images and the brushes is followed by the use of real images, but there 
may be some initial difficulty in this phase of the treatment because of a 
reversion to an abnormal type of binocular localization. The use of the dia- 
phragm in the early stages of the treatment with real images represents a 
way of overcoming this difficulty by preventing stimulation of the area of 
abnormal localization. 


DISCUSSION 


There is no doubt that pleoptic methods play an important role in the 
treatment of amblyopia associated with an eccentric type of fixation, but there 
are certain factors which, in the present state of knowledge, limit their 
satisfactory application. 

In the first place, pleoptic treatment is seldom possible in.children under the 
age of 6 years because by its very nature it demands a high degree of sustained 
concentration and cooperation. It is relatively easy for a young child to 
take part in the many forms of pleoptic games which are designed for uni- 
ocular training, but this treatment is of no value until central fixation is 
restored and the success of such treatment in young children with amblyopia 
is limited to those with a normal type of fixation. This is an important point 
from a statistical point of view, and may account for the discrepancy in the 
incidence of so-called eccentric fixation in different clinics, and for dis- 
crepancies in the results of pleoptic treatment. It would appear to be correct 
to include in a discussion of eccentric fixation only cases in which a non- 
foveal retinal area is used for fixation, as demonstrated by the diagnostic use 
of the Visuscope, Euthyscope, and Coordinator, and to exclude cases showing 
loss of central vision without the establishment of an eccentric fixation. 
The only rational line of treatment in eccentric fixation in young children is 
total occlusion of the squinting eye in order to remove the persistent practice 
of eccentric fixation, and to follow this by the application of treatment for the 
eccentric fixation as early as possible. This form of occlusion undoubtedly 
facilitates the conduct of such treatment and has the additional merit in a 
few cases of producing a spontaneous restoration of central fixation during 
the period of occlusion, as discussed in an earlier part of this paper. 

In the second place, there is evidence that, although pleoptic treatment may 
be successful in restoring a central type of fixation in the squinting eye, it 
may not be successful in some cases in restoring a good degree of central 
vision. It would appear, therefore, that the original view of Chavasse (1939), 
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that there may be a recovery of the amblyopia of extinction but not of the 
amblyopia of arrest, remains unchanged, despite the advent of newer methods 
of treating amblyopia. It is possible, however, that the restoration of a 
central type of fixation, even in the absence of any significant improvement 
in central vision, may be a great advantage in the surgical treatment of the 
squint. It is well known that it is difficult to obtain a satisfactory surgical 
result in cases with eccentric fixation, but it would appear that a good cos- ° 
metic result is facilitated by the restoration of central fixation despite the 
persistence of amblyopia. 

The introduction of pleoptic methods had ‘ed to a renewed interest in the 
problem of the treatment of eccentric fixation in squint. It is important, 
however, that this interest in treatment should not divert attention from the 
necessity of trying to prevent the development of the condition. Thereis 
little doubt that in uniocular squints occlusion of the non-squinting eye, 
within as short a time as possible of the onset of the squint, is the most 
effective way of reducing the degree of amblyopia and of preventing the 
development of the associated phenomenon of eccentric fixation. Certainly 
there is no place for a complacent attitude in the management of cases of 
uniocular squint, particularly in very young children. 

This paper is based on a joint communication to the Section of Ophthalmology of the Royal 
Society of Medicine, London, on November 13, 1959. We should like to acknowledge the help 
of Mr. T. Keith Lyle and our other colleagues in the Orthoptic Department of Moorfields Eye 
Hospital (High Holborn Branch) during the preparation of this paper. Our thanks are due also 
to Miss Jane Walker who prepared the original diagrams for the meeting of the Royal Society of 
Medicine, and to Mr. T. Tarrant of the Medical Illustration Department of the Institute of 
Ophthalmology, London, who prepared the diagrams for this paper. 
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ANOMALOUS SENSORY RELATIONSHIP IN 
APPARENTLY CURED SQUINTS* 


BY 
ALFREDO ARRUGA AND RACHEL DOWNEY 


Barcelona 


DuRING the last few years it has been found that many patients presumed 
to have normal binocular single vision after optical, orthoptic, and/or 
surgical treatment, have in fact a small angle of anomaly. From certain 
points of view this is not of great importance, as such cases are satisfactory 
cosmetically, and show good visual acuity in each eye with a limited degree 
of fusion detectable by certain tests. On the other hand, the amplitude of 
fusion is invariably restricted and true stereopsis is absent, and this is an 
unfortunate state of affairs in these days when normal binocular function 
is required in an increasing number of professions. 

Even if (in common with some authors) we decry the value of stereopsis, 
there remain the risks associated with a small range of fusion—secondary 
divergence and the gradual establishment of amblyopia. 

It is not unusual to encounter heterophoria of as much as twelve degrees, 
which, if associated with good fusion, causes no subjective symptoms. By 
contrast, quite low degrees of heterophoria, if associated with lack of fusion, 
may lead to intermittent or permanent decompensation. 

This is not meant to imply that our standards are so high that our poorest 
results are those in which the residual angle is so small as to be hardly 
detectable by the ordinary methods of measurement; on the contrary, we 
classify such cases as “successful failures”. An analysis of these results, 
however, suggests that perhaps these small residual angles might have been 
avoided, and perhaps also that, from the strictly sensory viewpoint (because 
it is harder to improve the sensory relationship in a case with a small angle 
of anomaly than in one with a large angle), we have made matters worse 


by treatment. 


Methods of Investigation 


Tests for Uniocular Fixation and Localization by Visuscopy 


Before applying tests for binocular anomalous retinal correspondence (A.R.C.), 
it is necessary to investigate the uniocular fixation and localization, since a visual 





* Received for publication Sep ber 14, 1959. 
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acuity of 6/12 or even 6/9 in the squinting eye (produced by occlusion of the sound 
eye) does not always exclude eccentric fixation. Ciippers (1958) has described 
two methods—active and passive—which may be used to detect eccentric fixation 
and localization by uniocular visuscopy. 


Active.—The patient is asked to fix the star of the Visuscope. This allows the 
observer to determine, by the position of the black star on the fundus, whether the 
foveola or some other eccentric retinal point is being used for fixation.* 


Passive.—The patient is asked to localize either the star of the Visuscope, or the 
centre of the light emitted by it, or the black spot of the Euthyscope, when any one 
of these is placed passively on the fovea. 

The first stage in this test is to determine by active uniocular visuscopy which 
retinal point is used for fixation. The second stage is to ascertain whether this 
point corresponds to the principal visual direction as determined by active or 
passive uniocular visuscopy. 

Disparity between these two tests is rare, but may sometimes be found in cases 
in which there is a scotoma of the foveola, fovea, or macula, usually extending 
as far as the optic disc (Fig. 1), where 
previous treatment by occlusion and/or 
surgery has been given. 


Fic. 1.—Diagram to show that, even if an 
eccentric retinal point is used for fixation (here 
shown temporally at P) due to a scotoma 
obscuring the dotted area, the fovea may still 
maintain its physiological principal visual direc- 
tidn (after Ciippers, 1956). 





PRINCIPAL VISUAL DIRECTION 


The prognosis and treatment depend on whether the point used for fixation and 
the principal visual direction correspond exactly. 

In determining the principal visual direction by active uniocular visuscopy, the 
patient is asked “to look straight ahead at the star even if he does not see it 
Clearly”; it may then happen that he fixes the star with the foveola. This may be 
checked by passive uniocular visuscopy; the star is projected passively on to the 
foveola, and the patient may still have the subjective impression of seeing the star 
straight ahead. If the scotoma is so dense that the star is not seen, then one of 
the black spots in the Euthyscope or even the light of the Visuscope may be pro- 
jected on to the fovea in the same way, and the patient is asked if he sees straight 
ahead or not. If, as in the previous instance, the patient sees the star of the 
Visuscope (or the black spot of the Euthyscope, or the light of the Visuscope) 





* This point for fixation may also be determined by campimetry (Brockbank and Downey, 1959). It must not be 
confused with the real point of fixation which is the point that bears the principal visual direction. The former may 


te a retinal point on the border of a scotoma which, being outside it, has a higher resolving power. 
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straight ahead when the examiner sees it centred on the foveola then the fixation 
and the principal visual direction are considered to be foveolar. If the star is not 
seen straight ahead, the fixation and the principal visual direction are eccentric, 
and it is important to determine their position and direction and to know whether 
or not they correspond. For example, if a left eye has a temporal fixation on 
examination by active uniocular visuscopy but the patient subjectively localizes 
the star to the right, and if when the star is “placed” passively on the foveola the 
patient still localizes it to the right, then the principal visual direction is nasal. 
Thus, when uniocular diplopia is stimulated during the course of treatment, it is 
essential to know which image belongs to the fovea. In the case just mentioned, 
the left image would be the correct foveal image, but if the retinal point bearing 
the principal visual direction was either foveal or temporal (viz: the same point as 
that of fixation) then the correct foveal image would be to the right. With regard 
to prognosis, if an eccentric retinal point is used for fixation as well as being the 
“bearer” of the principal visual direction, then the treatment will be much more 
difficult than if the fovea still maintained its physiological principal visual direction. 

The results of this uniocular test must be carefully compared with the results 
of the two following tests for binocular sensory correspondence (see below 
‘Binocular Visuscopy’’, and ‘‘Giessener Clinic Test’’). It has been suggested that 
many cases of eccentric fixation have originated from abnormal retinal corres- 
pondence. Therefore, if the uniocular and binocular anomalies are identical, the 
treatment will be difficult because of their deep-seated and closely-linked develop- 
ment. This is particularly so in older patients; in those over 10 years of age, 
treatment devised to eradicate the sensory binocular anomaly should be undertaken 
only if circumstances are favourable, and in those over 14 years but rarely. 
On the other hand, if the uniocular and binocular anomalies are not identical, 
then the treatment may be undertaken with more hope of success, unless, of course, 
the uniocular eccentricity is very near to the fovea and/or the binocular angle of 


anomaly is small. 


Detection of Small Angles of Anomaly 


Small angles of anomaly, which are often the consequence of badly 
planned therapy, may be the result of an error committed in one of the 
three usual forms of treatment, optical, orthoptic, or surgical. The follow- 
ing four methods describe how to detect a small angle of anomaly. Possible 
optical, orthoptic, and surgical causes will then be discussed in general. 


(1) Binocular Visuscopy (Ciippers) (Fig. 2, opposite).—The patient is placed 
at 2 m. from, and at right angles to, the centre of the Maddox tangent 
scale. Although it is not always necessary, both pupils should be dilated 
by the use of a mydriatic. The patient holds a small plane mirror in front 
of one eye at a convenient angle and is asked to fix the Maddox spotlight 
reflected in the mirror. The examiner then projects the Visuscope star on 
to the fovea of the non-fixing eye. If the patient says that the star overlies 
the light, the retinal correspondence is normal; if the star appears to one 














on 


ot 
ic, 
er 
on 
eS 
he 
al. 


dl, 
ng 
as 
rd 
he 
re 
mn. 
Its 


at 
~S~ 
he 
'p- 
ae, 
en 


al, 
3c, 


of 


od 
nt 
od 
nt 
ht 
yn 
es 
ne 





SENSORY RELATIONSHIPS IN SQUINT 495 













iXELEL EMV RELSY EA 


ae ree 








Fic. 2.—Diagram of binocular visuscopy, showing 
normal retinal correspondence. 

P. Patient’s subjective view. 

E. Examiner’s subjective view. 

m. Mirror. 

v. Visuscope. 


side of the light, then the number on the scale on which the star appears to 
lie gives the angle of anomaly. 

In the latter case, as a control, the star is moved across the fundus until 
the patient says it coincides with the light, and the point on the retina where 
the coincidence occurs is noted. These observations provide a check on 
each other. 
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This test should be used only where foveolar fixation exists,* and it 
should be carried out with both eyes fixing in turn. 


(2) Giessener Clinic Test (Fig. 3).—The patient faces the scale and fixes 
the Maddox spotlight with the fixing eye through a dark red lens that allows 
only the light to be seen. An X-shaped after-image has been previously 
produced in the other eye (with an electronic flash) if the Visuscope has 
shown fixation to be foveolar; otherwise a “‘euthyscopic” after-image is 
created. This after-image is stimulated by alternately lighting and darkening 
the room, or by temporary intermittent occlusion of the non-fixing eye. 
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Fic. 3.—Diagram showing Giessener clinic test for investigating binocular sensory correspondence. 
(a) RIGHT (fixing) eye fixes the central light of the Maddox tangent scale through a dark red 
lens which permits perception of the red light only. The localization of the red light is 
made by the retinal point of the left non-fixing eye corresponding with the foveola of the right 
eye, and the position in which it is seen on the Maddox tangent scale and indicates the 
subjective angle. 
The after-image is perceived: and localized by the foveola of the LEFT (non-fixing) eye 
and indicates the objective angle. 
(i) Normal retinal correspondence 
f’ (left fovea) corresponds with f (right fovea) 
i.e. After-image and red light are seen to coincide and the light is localized at F 
(ii) Harmonious anomalous retinal correspondence 


a corresponds with f : 
i.e. After-image is seen at objective angle (F) but red light is seen to coincide with 


the central light of the Maddox tangent scale (A-O) 
(iii) Unharmonious anomalous retinal correspondence 


b corresponds with f 
i.e. After-image is seen at objective angle (F), but red light is localized at B, 


between F and A-O 
(6) Patient’s subjective view in a case of normal retinal correspondence. 





nS * This test may be done in when the squinting eye has an eccentric fixation, but then only with the non-squinting eye 
xing. ° 
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It is now impressed on the patient that he should concentrate on fixing 
the red light only, and should ignore the white light or the after-image. 

The patient now sees a red spot over the figure on the scale which demon- 
strates the subjective angle of deviation, because, although perceived by the 
fixing eye, localization of the “‘red”’ light is made by the retinal point of the 
non-fixing eye corresponding to the foveola of the former), and the after- 
image created at, and seen by, the foveola of the squinting eye is seen over 
the figure corresponding to the objective angle of the squint. 

In young children it is preferable to ask the patient to walk up to the 
scale and to point to the place where the objects appear to be situated. 

Where the angle of anomaly is believed to be small, it is necessary to 
repeat the test at 5 or 6 metres from the tangent scale. 

The test should also be repeated with each eye in turn, unless an eccentric 
fixation has been detected in the squinting eye. 


(3) Foveolar Synoptophore Slides.—Small angles of anomaly may remain 
undetected when using conventional slides in the synoptophore. Those of 
Jampolsky, which have a very small central object, may detect these small 
angles of anomaly. We have verified this with home-made synoptophore 
slides with central pictures of 1-5 mm. subtending 45’ (Fig. 4). 


Fic. 4.—Foveolar fusion slides. (Charlie Chaplin with walking-stick and flower as controls.) 


(4) After-Images, Haidinger’s Brushes, and Synoptophore.—After-images 
and Haidinger’s brushes in the synoptophore, as proposed by Ciippers, will 
allow the detection of minute angles of anomaly, and are a helpful addition 
to the treatment of abnormal retinal correspondence. The use of a more 
powerful light source than usual* has made it possible to combine Haidinger’s 
brushes with after-imagés and specially designed slides (Figs 5 and 6, overleaf). 





* For simultaneous use of Haidinger’s brushes and after-images, a double filament is employed — one filament is 


Permanently incandescent, whilst the other is connected to a flashing device. 


32* 
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(a) (b) 
Fic. 5.—Additional unit for Haidinger’s brushes and motion slides (a), for incorporation in 
Clement Clarke synoptophore (5). 


Fic. 6.—Fusion slides for use with Haidinger’s brushes. The entoptic image to be seen within 
the snowman’s body, the controls being the walking-stick and the broom. 


Where the fixation is known to be foveolar in both eyes, before measuring 
the abnormal retinal correspondence, the relation of the two after-images 
created in each eye consecutively is first determined*; and secondly, the 
relationship of the two after-images to each other by the introduction of a 
Haidinger brush. If the correspondence appears subjectively normal for 
these test objects, an objective control of their localization may be made 


by the decreasing field test. 


* Classically a vertical and a horizontal linear after-image are used, but this makes it very difficult for the patient 
to estimate small discrepancies, It is suggested that a cross and an X-shaped after-image be used. 


+ The part of the field which is known to correspond to the anomalous localization present before treatment is 
occluded for the non-fixing eye, and if Haidinger’s brushes disappear then localization is not yet acquired for this 


° 
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As it is not possible to measure the angle of anomaly with Haidinger’s 
brushes or after-images, it is necessary to repeat the test with real objects. 
It is impossible for a child to determine with exactitude the distance between 
two such objects as after-images or Haidinger’s brushes without some point 
of reference such as a marked scale. 

The objective angle having previously been measured, the tube of the 
synoptophore is placed at 0° before the fixing eye. A vertical Hering after- 
image is created in the non-fixing eye. A Maddox tangent-scale slide is 
placed before the fixing eye. The patient is then asked, whilst fixing the 
zero mark in the middle of the scale, where the after-image falls. A small 
foveal or macular triangle is then placed before the non-fixing eye and its 
position is noted. If the after-image, alone or in combination with the 
triangle, falls on the zero mark, then the correspondence is normal. If 
these two objects fail to coincide abnormal retinal correspondence is present*. 
The fixity of this can be determined if the after-image and the triangle 
coincide, or if there exists a different angle of anomaly for each object. If 
the angle of anomaly is the same for each object, the abnormality is more 
difficult to cure. 

This test must be repeated, with the non-fixing eye fixing the zero of the 
Maddox tangent scale and another vertical after-image before the previously 
fixing eye. 

Anomalies of Small Degree caused by Faulty Treatment 


(1) Optical Correction.—Optical under-correction is uncommon in Eng- 
land where refraction is performed routinely after 5 days of atropization. 
In some Continental clinics, however, refraction is still performed under 
weak cycloplegia, or after a short period of instillation. This involves a 
serious risk of under-correction in cases of hypermetropia with accommo- 
dative esotropia, which may leave a small but constant deviation, which in 
turn causes a small angle of anomaly. The same thing may occur (in spite 
of a full hypermetropic correction) in patients who maintain a small devia- 
tion because the strabismus is not entirely accommodative. It is important, 
therefore, to measure the deviation at the outset with the patient wearing 
the full correction for any refractive error. If a deviation persists and the 
correspondence is anomalous, occlusion should be employed, but if the 
correspondence is normal, surgery (e.g. bilateral medial rectus recession) 
should be considered. 


(2) Orthoptic Treatment.—Unless after-images or Haidinger’s brushes are 
employed to determine the nature of the retinal correspondence, there is 
always a danger of a small angle of anomaly developing. This danger is 
considerable where the treatment of abnormal retinal correspondence is 
undertaken by stimulation from the subjective angle in order to reach the 





* It will be realized that the after-image may show a normal correspondence, but that an abnormal retinal corres- 
pondence may be present for real objects (i.e. Maddox scale and triangle). 
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objective angle, or from an angle that is intermediate between the two. 
In order to avoid this danger, it is advisable (as Ciippers has suggested) to 
use after-images and Haidinger’s brushes for control and treatment of the 
abnormal retinal correspondence, suppression, and fusion, particularly 
where abnormal retinal correspondence has previously existed. 


(3) Surgical Treatment.—An almost perfect surgical result is often worse, 
from the sensory point of view, than an obvious failure; a small angle of 
anomaly may result from an early operation which leaves a small deviation. 
By “early operation” we mean those performed before the age of 2 years. 

Those who advocate early surgery (before 2 years, 18 months, or even at 
the age of only a few months) use a very simple, and at first sight very 
attractive, argument: ‘‘ Put the eyes straight and binocular vision will develop 
under normal conditions as it does in non-squinters”. Such a policy could 
only be justified if, on the one hand, this statement was correct, and on the 
other if surgical results were a 100 per cent. perfect. 

If we admit the proposition of Keiner (1951) that in concomitant strabismus 
there is a delayed “‘myelinization of the central nervous system”’, or that of 
Burian (1958) that there is an “alteration in the sensory Anlage”’, or if (with 
von Graefe, 1855, Hering, 1879, and Graefe, 1897, amongst many others), 
we consider foveal fixation and normal correspondence to be innate (a 
hypothesis also favoured by Ciippers), then early surgery would appear to 
lack a theoretical basis. 

Even if we accept theories that advocate early surgery, a perfect surgical 
result would still be a sine qua non. This we believe is almost impossible 
for even the most skilled surgeon to guarantee. 

Still more important is the fact that it is humanly impossible to investigate 
the motor anomalies in a child under 2 years of age. Motor anomalies are 
sometimes complex and need to be studied with great care. In cases of 
paralysis, which are non-congenital, where the sequelae have not had time 
to develop, it is impossible to estimate their importance or their evolution 
without a succession of precise measurements. 

No surgeon interested in a functional or even a perfect cosmetic result, 
would care to operate unless he at least had precise measurements of the 
horizontal and vertical deviations in the cardinal positions, fixing with each 
eye separately for distance and near, with and without correction. In 
children under 3 years of age even an accurate measurement in the primary 
position may be difficult to obtain. 

Likewise, one cannot measure the post-operative angle with any accuracy, 
or even know whether so-called “‘orthoptization”’ is taking place with the 
eyes really parallel or with a small angle of deviation. Obviously an angle 
of 5° can be detected by several methods, but to find really small angles of 
anomaly one needs careful cooperation on the part of the patient. In 
many cases an “orthoptic”’ result has been attained when a vertical and/or 
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horizontal prism has been prescribed, ‘though this is only justified when one 
knows the exact angle of deviation. 

We are offering no statistics, for it is only latterly that we have been able 
to apply the methods described to patients who had operations before the 
age of 2 years. We have, however, found that (except in a few very fortunate 
patients with perfect binocular vision) the great majority have a small angle 
of anomaly. In these cases, the more perfect the surgical result, the harder 
it was to resolve the anomaly by orthoptic treatment. At a first glance 
they appeared to have a normal correspondence in the synoptophore with 
conventional slides. A certain amplitude of fusion existed with stereopsis, 
and four Worth’s lights were seen. Nevertheless, the methods described 
showed a small angle of anomaly in these cases. One cannot help feeling, 
therefore, that these patients would have been much better off if occlusion 
had been continued and surgical treatment postponed until the child had 
reached the age where detailed examination was possible before treatment. 


Conclusions 


It is suggested that the best method of treating squint in young children 
before 3 or 4 years of age (depending on the behaviour of the child), is 
either alternating or uniocular occlusion of the fixing eye, or (in cases of 
eccentric fixation) of the amblyopic eye, until a correct diagnosis of the 
sensory and motor anomalies is possible. If feasible, a certain amplitude 
of fusion should be attained before surgery. 

It appears to us that a sensory anomaly persisting after surgery is more 
harmful than the possible motor limitations. Early operation, therefore, 
would seem to be contraindicated by the subsequent danger of a small 
angle of anomaly. The slightly greater risks of general anaesthesia in chil- 
dren under 2 years of age should also be born in mind. 

Early surgery may, however, be indicated in the following cases: 

(a) When the cooperation of the parents is completely lacking. In this 
case it is perhaps preferable to risk leaving the child with a small angle of 
anomaly with a certain degree of peripheral fusion, rather than leaving a 
definite unilateral strabismus. 


(b) When a very large angle of deviation is present. 
(c) When obvious vertical anomalies associated with a definite torticollis 
may lead to eventual skeletal alterations. 


(d) When the eccentric fixation is obviously linked to a paresis of a muscle 
(generally a lateral rectus). 


Apart from these indications, until a guarantee of a good fusion has 
been assured, occlusion, with the full optical correction, should be continued 
in young children with squint, with careful testing by the methods outlined 
until the child is old enough to undertake exercises and/or is ready for 
operation. 
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Summary 


By the use of tests combining the Visuscope, Euthyscope, after-image, 
and Haidinger’s brushes (which are described in detail) the authors have 
detected small angles of anomalous retinal correspondence in many 
apparently successful cases of cured squint. 

These anomalies are so small as to be undetectable by conventional synopto- 
phore slides. It is concluded that, as early surgery is particularly liable to 
lead to these small angles of anomaly (which are resistant to further treat- 
ment), its use should be limited to the small number of cases in which it is 


strongly indicated. 


We are much obliged to Mr. John Foster of Leeds for suggestions and criticisms. 
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ISOLATION OF VIRUS FROM EMBRYONATE EGGS 
INOCULATED WITH MATERIAL FROM A CASE OF 
TRACHOMA IN WESTERN AUSTRALIA* 


BY 


DOROTHY PERRET anp IDA MANN 
Public Health Department, Perth, Western Australia 


THE first convincing isolation of the trachoma virus was made by T’ang, 
Chang, Huang, and Wang (1957) using embryonate eggs: their findings were 
confirmed by Collier and Sowa (1958), who also showed that clinical 
trachoma followed inoculation of a human volunteer with isolated virus. 
Isolation of the virus from patients with trachoma in Australia has not 
previously been reported although the disease is common amongst the 
aborigines. 

This communication describes an apparently successful isolation from a 
3-year-old half-caste boy living in the native camp at Moora, 100 miles 
north of Perth, Western Australia. 


Method 
The tarsal plates of both his eyes were scraped with a platinum spatula. 


Direct Smear.—A smear made from the scraping from one eye was examined 
for inclusion bodies, using the staining method described by Collier, Duke-Elder, 
and Jones (1958). Typical inclusion bodies were present, staining reddish-brown 
with iodine and having the usual appearance with Giemsa—May-Griinwald stain. 


Chick Embryo Inoculation—The scraping from the other eye was put into 1 ml. 
10 per cent. broth in saline containing 20,000 units streptomycin. 6 hours later, 
after transportation on ice, this fluid was inoculated by the yolk-sac route into 
three 7-day-old chick embryos. Incubation of the eggs was continued at 35°C. 

One embryo died 5 days later, but passage of its yolk sac failed to initiate 
obvious infection in further 7-day-old chick embryos; the second embryo died 
11 days after inoculation and had petechial haemorrhages; and the third embryo 
was alive and apparently normal when harvested 13 days after inoculation. The 
yolk sacs from the second and third embryos were passaged separately, by the 
yolk sac route, seven and six times respectively (Table I): at each passage 0-2 ml. 
of a 20 per cent. suspension of yolk sac in 10 per cent. broth-saline containing 
20,000 units streptomycin per ml. was inoculated into four or six 6- or 7-day-old 
chick embryos. At each passage most of the embryos were killed and death 
occurred most frequently 7-10 days after inoculation (Table I, overleaf). 


* Received for publication October 14, 1959. 
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TABLE I 
RESULTS OF EGG PASSAGE 





Material from Patient T425 





Number of Embryos Duet or Surviving after Yolk-sac Inoculation 
with Passa 





Survival 
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Nearly all the dead embryos had the petechial haemorrhages described by 
Collier and Sowa (1958); their yolk sacs were more fragile than those of normal 
embryos of the same age, and the yolk was more fluid. Portions of yolk sac 
were repeatedly tested in serum broth, and cooked meat medium, and on horse 
blood agar, and occasionally on a medium suitable for pleuropneumonia-like 
organisms; bacterial growth was never observed, nor were bacteria seen in smears 
of the yolk sacs. 


Examination of Yolk-Sac Smears.—Smears of yolk sacs were stained with 
Giemsa or Giemsa—May-Griinwald, stains or by Macchiovello’s method. The 
smears from dead embryos showed bodies resembling the elementary bodies and 
the intracellular forms of the psittacosis-lymphogranuloma venereum (P-LGV) 
group of viruses, and agreeing in size, morphology, and colour with the description 
of trachoma virus given by Collier and Sowa (1958). Such bodies were numerous 
in some smears; in others they were scanty and it was then difficult to distinguish 
them from similar bodies sometimes seen in yolk-sac smears from uninoculated 
embryos of the same age. 


Serological Investigations —The serological relationship between the agent 
isolated (called T425) and the P-LGY group of viruses was tested by complement 
fixation. The method used was that of Meyer and Eddie (1956) for the detection 
of psittacosis antibodies, except that fixation was carried out for 17 hours at 4°C. 
The yolk sacs of three embryos dying on the 7th day after inoculation during the 
fourth passage of T425 were pooled and made into a 20 per cent. suspension in 
broth-saline which was centrifuged at 650 G. for 10 minutes. The fraction 
between the upper fatty layer and the deposit was used, both unheated and after 
heating for 20 minutes in a boiling water bath, as the “‘T425 preparations”. The 
‘**Perth controls” were prepared from the yolk sacs of three uninoculated 15-day 
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embryos in a similar manner. Those preparations, together with “ornithosis- 
lymphogranuloma venereum complement-fixing antigen”, prepared by Common- 
wealth Serum Laboratories, Melbourne (CSL antigen), and its yolk-sac control 
(CSL control) were tested simultaneously against three human sera; _psittacosis 
antibodies were reported, by other laboratories, to be present in two of those sera 
and absent from the third. The results given in Table II imply that the T425 
preparations contained the heat-stable complement-fixing antigen of the P-LGV 
group of viruses. 


























TABLE II 
RESULTS OF COMPLEMENT-FIXATION TEST 
| 
| Titres against Sera containing | dru taking 
atlas | P-LGV Antibodies | P- LGV Antibody 
| SK be ae ad N 
7425 | Unheated .. .. | 1/160 | | <1/4 
Heated sé | 1/80-1/160 | 1/80 <1/4 
CSL Antigen | 1/160 | 1/160-1/320 <1/4 
Perth Control | Unheated | < 1/10 | <1/4 
Heated ty. Seed <1/10 <1/10 <1/4 
Pee ae ad | < 1/10 | <1/4 
Conclusions 


An agent of the psittacosis-lymphogranuloma venereum group of viruses 
has been isolated from embryonate eggs inoculated with conjunctival 
scrapings taken from a clinical case of trachoma in an Australian aboriginal 
child. The laboratory tests suggest that the agent has the- characteristics 
of the trachoma virus isolated by T’ang and others (1957) and by Collier 
and Sowa (1958), but confirmation of its identity must await positive results 
from inoculation of the agent on to the conjunctiva of Rhesus monkeys and, 
if possible, of human volunteers. 

We wish to thank Professor N. F. Stanley for his interest and advice; Mr. Ian Jack for pro- 


viding sera; Miss J. Jenkyn for material used in complement-fixation tests; and Mrs. D. Martin 
for technical assistance. 
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FAMILIAL SYNKINESIS IN OCULO-PALPEBRAL 
MOVEMENTS* 


BY 


N. S. JAIN 
Department of Ophthalmology, Irwin Hospital, New Delhi, India 


SEVERAL isolated examples of congenital ptosis showing synkinetic oculo- 
palpebral phenomena are recorded in the literature. After an unsuccessful 
search for examples of hereditary synkinesis, the author reports the cases of 
two sisters with congenital ptosis who showed abnormal ocular movements. 


Case Reports 


Case 1, a female aged 38 years, had a partial congenital ptosis on the right side and an 
unduly wide palpebral fissure, amounting to a lid retraction, on the left (Fig. 1). Eleva- 
tion of the right eye was completely absent and that of the left was markedly restricted 
(Fig. 2). On looking down, only the left eye moved downwards in a normal manner, 
while the right eye diverged (Fig. 3). The left upper eyelid followed the ipsilateral ocular 
movement in a normal manner but the right upper eyelid did not move downwards and 
the palpebral aperture remained open, simulating a pseudo-Graefe phenomenon of lid 
retraction on downward movement of the eyes (Fig. 4). Lateral versions and convergence 
were normal (Figs 5 and 6) and a general neurological examination revealed no other 


abnormality. 








Fic. 1.—Ptosis on right Fic. 2.—Absence of el Fic. 3.—Abduction of 


side. Lid retraction on vation. right eye on_ looking 
left side with a wider down. 

palpebral aperture in the 

primary position. 





Fic. 4.—Pseudo-Graefe Fic. 5.—Normal dextro- Fic. 6.—Normal laevo- 
phenomenon on right side version. version. 
on looking down. 





* Received for publication October 20, 1959. 
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Case 2, a female aged 33 years, the younger sister of Case 1, had a congenital bilateral 
ptosis (Fig. 7). There was no lid elevation on contraction of the frontalis muscle. Both 
eyes were hypotropic to the extent of 15° and elevation was completely absent. On 
attempting elevation there was a tendency to convergence (Fig. 8). Downward movement 
was restricted and on looking down the left eye diverged (Fig. 9). Lateral versions and 
convergence were normal and a general neurological examination showed no further 
abnormality. 





Fic. 7.—Bilateral ptosis Fic. 8.—Convergence on Fic. 9.—Abduction of 
in primary position. elevation. left eye on looking down. 


Summary 


Two sisters with congenital ptosis are reported. A familial influence 
in the aetiology of the synkinetic oculo-palpebral phenomena, rarely re- 
ported, is noteworthy. Several features were common to both cases. Ver- 
sions were normal, elevation was absent or grossly restricted, and looking 
down caused abduction of one eye in both cases. In Case 1, downward 
movement of the eyes led to an appearance simulating the pseudo-Graefe 
phenomenon. Case 2 showed convergence on attempted elevation. 
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BOOK REVIEWS 


Glaucoma. ‘Transactions of the Fourth Conference, March 8-10, 1959. Edited by F. W. 
NEWELL. 1960. Pp. 257, 108 figs. Josiah Macy, Jr., Foundation, New York. 
($8; £2 16s. 6d.). 

We are now becoming habituated to the appearance of the Transactions of the Annual 
Macy Conferences on Glaucoma. This report, dealing with the fourth Conference, which 
took place in Princeton in March, 1959, is probably the best of the series. The discussion, 
which was more than usually interesting, centred in six papers. The fine structure of the 
trabeculae as seen by the light microscope was introduced by L. Ks Garron (California), 
and its ultra-structure by A. S. Holmberg (St. Louis), and the role of this important 
region in the physiology and pathology of the outflow of the aqueous was dealt with by 
N. Ashton (London). In this connexion stress was laid on the suggestion that mucopoly- 
saccharides are present in considerable quantity in the trabeculae, a problem with im- 
portant pathological implications, the significance of which, however, cannot yet be 
assessed. The second subject taken up by the Conference was the ultra-structure of the 
ciliary epithelium and its relationship to the secretion of aqueous humour, a matter for 
which the electronmicroscope is giving findings of more than usual interest; this was 
introduced by papers by G. D. Pappas (New York) and A. S. Holmberg. The final paper 
was contributed by A. L. Kornzweig (New York) on the pathological findings in six eyes 
with primary glaucoma, where particular attention was paid to the presence of degenera- 
tive changes in the tissues of the angle of the anterior chamber. 

The interest of the book lies mainly in the free discussions entered into by the twenty 
participants of the Conference and their nine guests, and although this sometimes makes 
for diffuse reading the value of the book is thereby much enhanced. 


Glaucoma. (Glaukom: ein Handbuch.) By W. LeYDHECKER. 1960. Pp. 666, 11 figs, 
bibl. Springer, Berlin. (DM 89.60). 

To make a critical assessment of the literature of glaucoma is an enormous task; to 
accomplish it successfully is a labour of love which must be undertaken by someone with 
an unusually wide knowledge of the subject, a sound critical faculty, and a capacity for 
hard work. Such a person was found in Schmidt-Rimpler of Halle who gathered the 
literature up to 1908 and in Peters of Rostock who continued this massive task up to 1930, 
and it is fortunate for ophthalmological literature that a successor has appeared to carry 
the work forward to the present time in Leydhecker of Bonn. In this volume every aspect 
of glaucoma is included, and since 1930 this work embraces much more than it has ever 
done before. The book starts with an assessment of the tension of the normal eye, its 
consensual changes, and the factors which cause variations; thereafter the various types 
of glaucoma are dealt with in the most detailed manner, not only glaucoma in man 
(primary, secondary, and congenital), but also in animals. One of the most interesting 
parts of this section is the criticism of the various hypotheses of the aetiology of the disease, 
and its relation to events in the central nervous system, the endocrine system, and the 
vascular system. The literature on the outflow of the aqueous humour is fully discussed 
as well as that dealing with excavation of the optic disc. A long section summarizes the 
clinical methods of diagnosis—tonometry, tonography, provocative tests, gonioscopy, the 
visual fields, tests of the permeability of the blood—aqueous barrier, and so on. A final 
section deals with treatment, both medical (in which an extremely valuable résumé is 
given of the effects of miotics) and surgical. 
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The result is a compact and very comprehensive assessment of the literature presented 
not in a mechanical but in a critical manner. The immensity of the task is indicated by 
the fact that the author index occupies 48 pages, each of three columns and as often as not 
with five references to a line in each column. 


Physiology of the Eye: Clinical Application. By F. H. ADLER. 3rd edition, 1959. Pp. 
790, 372 figs, bibl. Mosby, St. Louis. (£6). 

The third edition of Francis Adler’s ‘‘ Physiology of the Eye’’ has now appeared, and it 
is good to know that its popularity has been so great that this new edition appears after 
a relatively short interval. It is interesting that even within this short time our knowledge 
of ocular physiology has progressed to such an extent that most of the chapters have had 
to be re-written. With a subject in a state of flux it is difficult to know what to discard 
and what to retain, since much of the information of yesterday received at the time with 
enthusiasm has now been shown to be erroneous. In the assessment of this new matter 
few are more competent than Adler to winnow the chaff from the wheat, and it would be 
difficult to find a more reasoned and critical discussion of the many problems which deal 
with the metabolism of the eye, the intra-ocular pressure, the ocular motility, and the 
physiology of vision. 


Year Book of Ophthalmology, 1959-1960. Edited by W. F. HuGHes. 1960. Pp. 406, 
95 figs. Year Book Publishers Inc., Chicago; Interscience Publishers Ltd., London. 
(60s.). 

The Year Book of Ophthalmology for 1959-60 marks a change of editorship, whereby 
Derrick Vail has handed over to William F. Hughes. The new editor has done himself 
credit. The book maintains the same format as its predecessors, opening with a review 
of clinical electroretinography by A. E. Crill (Illinois). Thereafter the diseases of the eye, 
its adnexa, and the central visual pathways are dealt with systematically, a large and well- 
selected representation of the literature being abstracted and, in many instances, usefully 
annotated. To the busy ophthalmologist who may not have the time or perhaps has not 
the inclination to read the original literature, the book will be of great value. 


Clinical Neuro-Surgery. Proceedings of the American Congress of Neurological Surgeons. 
Volume 6. Edited by R. G. FisHer. 1959. Pp. 300, 120 figs. Bailliére, Tindall, 
and Cox, London. (64s.). 

The sixth volume of ‘‘ Clinical Neuro-Surgery”’, which contains the proceedings of the 
Eighth Annual Meeting of the Congress of Neurological Surgeons in San Francisco, is 
primarily of neurological interest but contains much that will hold the attention of the 
ophthalmologist. It is worth reading if only for the fascinating story of the history of 
neuro-surgery from pre-historic times by Earl Walker of Baltimore. From the ophthal- 
mological point of view the most interesting chapters deal with orientation in the brain- 
stem (J. D. French), the surgical correction of syringomyelia (J. Gardner), the surgery of 
vertigo (R, E. Green), vascular lesions in the midbrain (H. A. Kaplan), the vascular 
surgery of the posterior fossa (J. L. Poppen), and particularly the new techniques of stereo- 
taxic surgery in the treatment of such lesions as Parkinsonism and oculogyric crises 
(Wycis and Spiegel). 


Embryology of the Eye and its Teratology. (L’embryologie de l’oeil et sa tératologie.) 
By C. DEJEAN, F. HERVoUET, and G. LepLaT. 1958. Report to the Soc. franc. 
d’Ophtal. Pp. 728, 534 figs, 10 col. pl., bibl. Masson, Paris. (New Fr. Frs. 40; 
3 guineas). 

It is to be expected that a book on embryology written by such recognized authorities 
as the joint authors would be an outstanding addition to the literature on the subject and 
this expectation is most amply fulfilled by L’embryologie de l’oeil. 
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Embryological research has become increasingly experimental in nature and, thanks 
to the results obtained from studies on both the egg and the embryo, some at least of the 
reciprocal influences underlying the normal development of the successive stages and in 
some cases deviations from the normal are now understood. 

The writing of this book has been shared among three authors who have each in no 
small degree contributed to our knowledge of the subject. As they themselves point out, 
this method of composition does lend itself to some repetition, but it has also had the very 
great advantage of allowing each author to deal with that aspect of the subject to which 
his personal interest and individual research have been devoted. 

Rightly convinced that a purely descriptive treatise on ocular enibryology is unlikely 
by itself to hold the complete interest of the ophthalmologist, they have taken special 
pains to describe deviations from the normal and to emphasize clinical considerations. 

In a book which maintains such a uniformly high standard it would be invidious to single 
out any particular chapter for special comment. A short but well written and interesting 
chapter on teratogenesis forms an admirable introduction to the section on ocular mal- 
formations. This section does not pretend to be a complete survey of developmental 
abnormalities of the eye but has been included by the authors as a means of correlating 
and, in some cases, of explaining ocular morphogenesis and the abnormalities arising 
therefrom. Although concise and by no means complete, this section adds greatly to 
the value of the book. 

There is a most extensive and excellent bibliography; a minor criticism which perhaps 
might be made is that the references, which follow each chapter, might be more conven- 
iently grouped together at the end of the book. 

There are abundant illustrations. The drawings are simple and clear, the photographs 
of the microscopical sections are extremely good, and the coloured plates at the end of the 
volume are of especial value and interest. 

In short, this is an outstandingly good book, and the authors are to be congratulated on 
producing a most comprehensive survey of the subject, so much of which is drawn from 
the results of their studies. It can be strongly recommended as a reference book for the 
use of all ophthalmologists and should certainly be included in the library of every 
Ophthalmic Hospital and Eye Department. 


Lecture Notes on Ophthalmology. By P. D. TREVoR-ROPER. 1960. Pp. 94, 76 figs. 
Blackwell Scientific Publications, Oxford. (12s. 6d.). 

Everyone is aware how overloaded is the curriculum of the medical student and how 
those specialties which do not seem to figure largely in his examinations tend to be side- 
tracked. To write a short and concise book on ophthalmology suitable for this harassed 
audience is indeed a difficult thing, and the tendency is for authors in their search for 
comprehensiveness to include as much as possible and in their search for brevity to 
compress their material more and more until it becomes incomprehensible. The present 
handbook is probably the best compromise solution that is available, treating in an 
extremely simple manner the more clinically important ocular conditions. There is a 
chapter on the eyelids, lacrimal and orbital tissues (which surprisingly includes conical- 
cornea, and in a cruel sort of way associates spastic entropion with irritability of tempera- 
ment), a chapter on squint, and three excellent chapters which include practically the 
whole of ophthalmology written under the headings of ‘‘The painful eye’’, ‘Gradual 
loss of sight in quiet eyes”’, and “‘Sudden loss of sight in quiet eyes”’. Two final chapters 
deal with the injured eye and refractive errors. The book is excellent as a guide to the 
student and to maintain his interest in an important branch of medicine without over- 
loading him with detail which he can seldom understand and never remember. 

One of the best features of the book is its low price. The cost of the profuse illustra- 
tions (several of them in colour) has been largely borne by certain pharmaceutical firms. 
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NOTES 


INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


A meeting of the International Council of Ophthalmology took place at Athens on 
April 16, 1960. 

Present: Duke-Elder (President), Berens (Vice-President), Hartmann (Secretary), Streiff 
(Treasurer), Bietti (International Organization against Trachoma), Franceschetti (Association for 
the Prevention of Blindness), Francois (European Society of Ophthalmology), Coppez (President 
of the last Congress), Sen (President of the next Congress), Arruga, Lyle, MacDonald, Miller, 
Paufique, Weve. 

The President reported the death of three late members of the Council: Alvaro, 
Samuels, and Velter. 


The following is a brief résumé of the more important matters of interest: 


(1) Dr. Jorge Valdéavellano of Lima, having been elected President of the Pan- 
American Association of Ophthalmology in place of Dr. Brittain Payne, has become a 
member of the International Council ex officio. 


(2) The Bulgarian Society of Ophthalmology was accepted as an affiliated member of 
the Federation of Ophthalmological Societies. 


(3) The XIX International Congress of Ophthalmology will be held in New Delhi from 
December 3 to 7, 1962. An opening reception will be given by the President of the 
Indian Republic. In view of the relatively small number of hotels in New Delhi, those 
proposing to attend the Congress are asked to register before January 1, 1962. The 
official agents for accommodation and travel are the American Express and two Indian 
agencies—Mercury and Trade Wings. The registration fee should be paid before 
January, 1962. 

The two official subjects chosen for discussion at the Congress are: 

(a) Ocular Lesions in Tropical Parasitoses, introduced by B. N. Bhaduri (Calcutta), Cyro 
de Rezende (Sao Paulo), and A. Larmande (Algiers). 

(b) Corneal Degenerations, introduced by G. Bietti (Rome), A. G. Leigh (London), and A. 
E. Maumenee (Baltimore). 


The following four Symposia will be held: 
(a) The Complications of Cataract Surgery; 
(b) Eales’s Disease; 
(c) Electron Microscopy in Ophthalmology; 
(d) Ophthalmological Problems in Aviation. 


Free papers will be strictly limited to fifty, and a Committee, consisting of Duke- 
Elder, Miiller, and Bietti, has been formed to select them. Delegates to the Congress 
wishing to read a paper should send a summary in French and English before January 1, 
1962, to Sir Stewart Duke-Elder, Institute of Ophthalmology, Judd Street, London, 
W.C.1, England. 

(4) The next meeting of the Council will be held at Oxford on Saturday, July 8, 1961, 
just before the meeting of the Oxford Congress. 


HONOURS 


A Knighthood has been conferred upon Mr. B. W. Rycroft, O.B.E., M.D., F.R.CS., 
D.O.M.S. 
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The Proctor Medal was awarded to Sir Stewart Duke-Elder by the Research Associa- 
tion of America at Miami on June 15, 1960. 


The Gold Medal in Therapeutics of the Worshipful Society of Apothecaries of 
London has been bestowed upon Sir Tudor Thomas “‘in recognition of his outstanding 
services in the field of corneo-piastic surgery”. 


OBITUARY 
THOMSON HENDERSON, M.D. 


Dr. Thomson Henderson, formerly senior surgeon of the Nottingham and Midland 
Eye Hospital, died at Hursley, Hampshire, on May 26, 1960, at the age of 83. 

Thomson Henderson was born at Leghorn, Italy, and went to George Watson’s 
College, Edinburgh, and thereafter to Edinburgh University, where he graduated M.B., 
Ch.B., at the age of 21. For some time he was demonstrator of anatomy in the Royal 
College of Surgeons of Edinburgh and after qualification he became ophthalmic house 
surgeon in the Edinburgh Royal Infirmary. He set up practice in Nottingham in 1904 
and for nearly half a century lived and practised at the Ropewalk. In 1909 he was 
appointed honorary surgeon to the Nottingham and Midland Eye Infirmary. In 1910 he 
was awarded the gold medal offered by the XI International Congress of Ophthalmology 
in Naples for the best paper on the treatment of hardening of the eye. In 1926 he gained 
the Doyne Memorial Medal at the Oxford Ophthalmological Congress, and for several 
years his main research work was directed towards discovering the cause of glaucoma 
and its treatment. In 1950 he published his ‘‘Principles of Ophthalmology’’. 

Dr. Henderson was president of the Nottingham Medico-Chirurgical Society in 
1922-23 and of the Midland Branch of the B.M.A. in 1935-36. He will be remembered 
by many people in the city and county of Nottingham. To his wife and sons our deep 
sympathy is extended. 
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COMMUNICATIONS 


DRAINAGE CHANNELS IN THE TRABECULAR WALL 
OF SCHLEMM’S CANAL*} 


BY 


J. S. SPEAKMAN 


Department of ne University of Toronto, and Department of Pathology, Institute of 
Ophthalmology, London 


THE detailed structure of the trabecular wall of Schlemm’s canal in man 
has previously been illustrated by means of teased flat preparations and 
thin paraffin sections (Speakman, 1959a, b). Features of interest were deep 
grooves lined with endothelial cells, openings 5-10 » in diameter which 
communicated with deeper spaces in the meshwork, and numerous vacuoles 
or spaces in the endothelial cells lining the canal. Gross vacuolation was 
also found in the corneal endothelium, where it was shown to be the result 
of post-mortem degeneration, and it was suggested that the trabecular endo- 
thelium might undergo similar degenerative changes. In order to interpret 
more accurately the significance of the endothelial cell morphology, a further 
examination of this region has been made in both monkey and human eyes 
employing rapid fixation to prevent post-mortem artefacts. 


Methods 


The techniques for dissecting and staining flat teased preparations of the wall 
of the canal have already been described. They permit a detailed study of the 
structures comprising the trabecular wall, viewed from within the lumen of the 
canal. Dilute Indian ink was introduced beneath the coverslip of some of the wet 
preparations and direct observations were made of the movement of small parti- 
cles through the wall of the canal. Thin paraffin sections were used to supple- 
ment the information obtained from the flat preparations. Fixation of some 
monkey eyes was performed by injecting the anterior chamber with formalin in 
vivo, while the animals were anaesthetized with Nembutal. Other eyes were fixed 
by immersion in formalin several hours after removal. Human material consisted 
of the anterior segments of surgical specimens which had been removed because 
of suspected intra-ocular tumours, and these were fixed by immersion in formalin 
after enucleation. One human eye was fixed by injecting formalin immediately 
after removal. 





* This investigation was boyy «rote Dy a National Health Grant. 
t Received for publication March 4, 1960. 
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(A) Observations in the Monkey 

(1) Anatomy of the Trabecular Wall of the Canal.—Injections of formalin 
into the anterior chamber reduced but did not completely eliminate the forma- 
tion of vacuoles in the corneal endothelium (Fig. 1a, b). However, the small 
vacuoles which remained visible in flat preparations could not be identified 
in paraffin sections, in contrast to the spongy appearance of the endothelium 
in eyes which were fixed by immersion in formalin immediately after enuclea- 
tion, or after a delay of several hours. 


(a) 





." i. Ps ” 
Fic. 1 (a, b).—Paraffin section (a) and flat preparation (6) showing minimal vacuola- 
tion in corneal endothelium. (Monkey. (a) Mallory stain x 1,500; (b) Phase x 950.) 

The structure of the trabecular wall of Schlemm’s canal was studied in 
several monkeys whose corneal endothelium showed only scattered fine 
vacuoles. In flat preparations the surface was grossly uneven with many 
grooves varying from 5 to 20 » in width and from 15 to 50 win length. Many 
of the smaller grooves passed obliquely into the wall of the canal. The endo- 
thelium consisted in most areas of overlapping spindle cells which resembled 
the surface of a wicker basket. At the end of many of the nuclei were small 
cyst-like spaces 2 to 3 w in diameter. Careful focusing revealed a thin layer 
of cytoplasm separating many of the spaces from the lumen of the canal. 
Internally they appeared to communicate with spaces within the meshwork 
ie and many pigment granules were 

adherent to their walls. In other 
areas, where the endothelial cells 
were inclined obliquely or even 
perpendicularly to the wall of the 
canal, the spaces or defects were 
much larger (Fig. 2). Careful 


Fic. 2.—Flat preparation showing narrow 
grooves and defects in the endothelial 
lining of Schlemm’s canal. (Monkey. 
Polychrome methylene blue stain 1,500.) 
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focusing showed the spaces to be part of a channel system running obliquely 
into the meshwork where connections took place with adjacent intertra- 
becular spaces or channels. It was difficult to obtain thin preparations 
from a monkey eye and clearly defined openings from the channels into the 
lumen of the canal could not be seen. 

Additional information on the size and shape of the channels was obtained 
from a study of thin paraffin sections. The walls consisted of thin sheets of 
cytoplasm and the flattened nuclei frequently formed a third or more of the 
circumference of a channel. When cut at right angles they were circular 
with an internal diameter of 2 to 5 ~. When cut obliquely or parallel to 
their long axis many were found to be about 5 » in width and up to 10 » in 
length (Fig. 3, and Fig. 4, overleaf). 





Fic. 3 (a, 6, c).—Paraffin sec- 
tions showing channels in the 
endothelial lining of Schlemm’s 
canal cut (a, b) at right angles, 
and (c) obliquely. (Monkey. 
Mallory stain x 1,500.) 





(2) Passage of Indian Ink through the Wall.—In order to establish where 
bulk flow took place through the wall of the canal, Indian ink was introduced 
under the coverslip of flat preparations and the Brownian movement of indi- 
vidual particles was studied by direct observation. Particles could be clearly 
seen disappearing into and emerging from the defects in the wall of the canal. 
When fluid was expressed from the tissue by racking down the microscope 
objective, particles frequently emerged from the meshwork through the defects 
in the wall of the canal, as the objective was raised. 
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(3) Distribution of Red Blood Cells in the Wall.—A second piece of in- 
direct evidence suggests that the channels are capable of conducting particu- 
late matter. When the anterior chamber of an experimental animal is 
decompressed in vivo, a reflux of blood from the collector channels enters 
Schlemm’s canal and many of the red cells find their way into the trabecular 
meshwork. They are a more physiological tracer than Indian ink and al- 
though their passage through the wall cannot be followed by direct observa- 
tion their distribution can be studied in rapidly-fixed tissue. In flat teased 
preparations they were scattered in large numbers over the inner surface of 
the canal, and in meridional sections they were present on each side of the 
lining of the canal. However, the precise point at which they passed through 
the trabecular wall could only be determined from flat paraffin sections, where 
they were found crowding into the thin-walled channels seen previously in the 
flat teased preparations (Fig. 4). 


Fic. 4.—Paraffin section showing 
red blood cells: (1) entering a 
channel from Schlemm’s canal 
(S.C.); (2) lying within a channel; 
(3) lying within the meshwork. 
(Monkey. Mallory stain x 1,500.) 
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No significant difference could be found in the structure of the wall of the 
canal in a group of monkey eyes which were rapidly fixed and in a group in 
which fixation was delayed for several hours. Although ultra-microscopic 
changes may have been present, the grosser structure of the channels and 
defects appeared unchanged. 


(B) Observations in Man 

Flat preparations and paraffin sections of the trabecular wall of the canal 
in the human have been reassessed and compared with those in the monkey. 
The gross details of the large grooves and the spindle cell patterns displayed 
by the endothelium were very similar. The human meshwork is more brittle 
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and at the edge of teased preparations small fragments were often found 
which were only two or three cells in thickness. This made it possible to 
define in greater detail the way in which adjacent channels communicated 
with each other and with the lumen of the canal. 


(1) Size and Course of Channels.—These observations were made on an 
eye which had been fixed by injecting formalin at the time of enucleation, 
thus preventing the formation of vacuoles in the corneal endothelium. 
Numerous channels were found in the trabecular wall of the canal (Fig. 5), 
which followed a spiral course inclined at various angles to the wall of the 
canal (Fig. 6). It was possible to trace the outlines of the channels by fine 
adjustments of the microscope. 


Fic. 5.—Flat preparation showing numerous 
channels in the endothelial lining of 
Schlemm’s canal. (Human. Polychrome 
methylene blue stain x 750.) 





Fic. 6.—Flat preparation showing 
endothelial cells lying parallel 
and perpendicular to the trabe- 
cular wall of Schlemm’s canal. 
(Human. Polychrome methylene 
blue stain x 1,500.) 





Their diameters varied from 2 to 6 », the majority being about 3». Some 
channels, which were parallel to the wall, measured up to 15 » in length in one 
plane, and many others could be traced for distances of 10 1. Communica- 
tion between adjacent channels at slightly different levels took place by means 
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of spiral openings (Fig. 7a, b). Although in photographs taken in a singlz 
plane they appear to be enclosed spaces within cells, the anatomy is more 
readily understood if they are regarded as spaces between cells possessing 
cytoplasm which is extremely attenuated. 





(a) (6) 
Fic. 7 (a, b).—Flat preparation showing channels in the endothelial lining of Schlemm’s canal. 
In (a) a communication is present between adjacent channels. (Human. Polychrome methylene 
blue stain ~ 1,500.) 


(2) Communication between Channels and Schlemm’s Canal.—The wall of 
the canal consists of numerous narrow grooves and ridges where the channels 
and cells lie parallel to the surface. Some of these channels communicate 
with the canal through spiral defects, and additional openings are probably 
overlooked because of the light microscope’s limited resolving power. How- 
ever, where the channels are steeply inclined to the floor of the canal, the 
walls stand out more clearly because of the greater depth of cytoplasm. It is 
then possible to see the openings and photograph the course of individual 
channels at different levels (Fig. 8). 


(6) 
Fic. 8 (a, b).—Flat preparation showing openings (arrows) into channels lying perpendicular to 
the wall of the canal. (Human. Polychrome methylene blue stain x 1,500.) 
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The openings have a spiral or ovoid configuration and measure up to 6 » 
in diameter. Some openings may lie in the sides of channels and because 
the angle of observation is limited they cannot be visualized. However, on 
several occasions as many as three openings have been seen in a single oil 
immersion field; consequently the total number must be a very high figure. 


(3) Content of Channels.—The channels appear empty in the majority of 
specimens. However, where there has been a massive reflux of blood into 
the canal of Schlemm, one frequently finds serum clots adherent to the wall 
and filling the outermost channels. In one specimen several casts of the 
drainage channels resembling renal tubular casts were dislodged during dis- 
section, but the material was not identified. 


(4) Cell Boundaries around Channels.—In preparations stained with poly- 
chrome methylene blue the cell boundaries were invisible. However, in 
preparations stained with silver, the cell outlines were clearly seen (Fig. 9).* 


Fic. 9.—Flat preparation show- 
ing deposition of silver at bound- 
aries of endothelial cells. 
(Human. Silver stain x 750.) 





The pattern in places consisted of closely packed, nearly parallel lines, and 
probably corresponded to areas of the wall where the spindle cells resembled 
the surface of a wicker basket. Elsewhere the pattern looked more like the 
lead lines in a stained glass window and probably represented areas of the 
canal wall where the cells were inclined at a more acute angle to the surface. 


(5) Reconstruction of Channels.—Plasticine reconstructions were made of 
certain channels and openings photographed at different levels. On the basis 
of these fragmentary reconstructions a composite model was prepared to 
illustrate the irregular inner wall of the canal, the oblique spiral openings, 





* This microphotograph was provided by Dr. H. R. Hausler and Dr. T. Sibay. 
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and the course taken by typical channels leading into the underlying mesh-- 
work (Figs 10 and 11, and Fig. 12, opposite). It would require a larger 
model to indicate the numerous possibilities. 








Fic. 10.—Reconstruction showing a single opening, channel, and nucleus (N), based on micro- 
photographs at different levels (a-c) of a flat preparation. (Human. Reconstruction x 3,375. 
Photomicrographs x 1,050.) 





Fic. 11.—Stereo-pair of a composite reconstruction to demonstrate the openings and channels in 
the floor of Schlemm’s canal in three dimensions. 


Discussion 
Sondermann (1930) believed that aqueous fluid entered the canal of 
Schlemm through large defects which he found in the trabecular wall in meri- 
dional paraffin sections. His observations have since been confirmed on many 
occasions, but it is unlikely that the defects he described represent the ulti- 
mate drainage openings into the canal, in view of the plexiform nature of 
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Fic. 12.—Diagrams showing the relationships of the spiral openings and channels between the 
endothelial cells which form the floor of Schlemm’s canal. 
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the meshwork in this region. The many deep grooves, which are seen on the 
surface of the trabecular wall in flat teased preparations, would present the 
appearance of openings when cut in cross-section. Unger and Rohen (1959) 
have recently illustrated these grooves in thick flat paraffin sections of the 
wall, and have shown that some of them are buried beneath the wall of the 
canal forming a true channel within the meshwork. These undoubtedly 
communicate with the canal through the larger openings, 10 » in diameter, 
identified previously in flat preparations of the wall (Speakman, 1959a). 

The finding of gross vacuolation in the human corneal endothelium led to 
the initial conclusion (Speakman, 1959b) that similar post-mortem degenera- 
tion had also occurred in the trabecular endothelium, although Garron, 
Feeney, Hogan, and McEwen (1958), who first drew attention to the peculiar 
appearance of the endothelial cells lining the canal, did not believe post- 
mortem change was responsible. The present study has shown that, whereas 
rapid fixation will prevent the development of gross vacuolation in the corneal 
endothelium, the defects in the endothelium lining the canal wall remain, and 
do not change in appearance even when fixation is delayed for several hours. 
Consequently the previous suggestion that they represent a post-mortem 
artefact must be modified. 

Unger and Rohen (1959) thought that the trabecular wall of Schlemm’s 
canal and the large grooves or channels in this region were lined by an intact 
layer of endothelial cells, except at the beginning of their afferent venous 
channels, which were compared to the venous roots in the spleen of cats and 
pigs. Garron and others (1958) and Garron and Feeney (1959) were also 
unable to demonstrate direct openings through the wall of Schlemm’s canal, 
although Garron and Feeney (1959) illustrated red blood cells lying in the 
defects or “‘vacuoles”’ in the endothelial lining, and described red cells in- 
carcerated in the wall. In view of the very marked irregularity of the sur- 
face, it is difficult in single thin sections to differentiate a narrow groove 
between cells from a true opening. Holmberg (1959), using thin «serial 
sections, has obtained more convincing evidence that direct pathways, 0-5 to 
1-5 » in diameter, exist between the trabecular spaces and Schlemm’s canal 
through the “vacuoles” in the endothelial cells. However, the actual size 
distribution of the openings and channels and their variable spiralling course 
cannot be determined from such small fragments of tissue. Flat teased 
preparations preserve the third dimensional relationships and show that the 
endothelial lining is perforated by many openings up to 6 in diameter. The 
latter mark the exit point of numerous small channels between the endo- 
thelial cells which open into the floor of Schlemm’s canal and communicate 
with spaces in the underlying trabecular meshwork. 

The direct observation of Indian ink particles travelling through the 
channels demonstrates that they are channels and not enclosed spaces. The 
finding of uveal pigment granules adhering to the walls, and the identification 
of red blood cells trapped inside the channels at various levels, offer good 
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evidence that bulk flow may take place in either direction through these 
structures in the living eye. 

In the past the trabecular meshwork has been divided into an inner uveal 
portion, consisting of a lacelike network of fibres which stretch from 
Schwalbe’s line to the root of the iris, and an outer corneo-scleral portion, 
composed principally of broad collagen bands which encircle the eye between 
the corneal stromal fibres and scleral spur. Recent studies with the light and 
electron microscope have disclosed a third zone, approximately 10 » in depth, 
on the outer aspect of the trabecular meshwork forming the floor of 
Schlemm’s canal, which is composed almost exclusively of endothelial cells. 
It would seem appropriate to name this area the endothelial meshwork in order 
to draw attention to this important part of the outflow pathway and to 
emphasize its principal structural component. 


Conclusion 


Numerous openings up to 6 » in diameter have been found in the endo- 
thelial lining of Schlemm’s canal in the human eye. The openings are the 
exit points of spiralling channels 5 to 10 » in length, which communicate with 
the underlying trabecular meshwork and represent the final pathway taken by 
the aqueous fluid in reaching the lumen of the canal. It is suggested that this 
area be designated the endothelial meshwork. 


Iam grateful to Prof. Norman Ashton for valuable advice during the preparation of this 
paper. I am also indebted to Miss E. FitzGerald for secretarial assistance, and to the Medical 
Illustration Department of the Institute of Ophthalmology for providing the stereo-photographs 
and drawings. 
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ERROR AND DISCOVERY IN FUNDUS DISEASE*+ 
BY 
I. C. MICHAELSON 


Hadassah University Hospital, Israel 


THERE is a tendency, to me rather depressing, to emphasize the role of 
chance in scientific discovery, and Reese (1958) has recently detailed the 
place of serendipity in ophthalmology. It will be remembered that in the 
fairy story, the three princes of Serendip looked for one thing and found 
another more desirable; but their technique does not seem.to apply to 
discoveries in the fundus of the eye. In discovery, generally, chance may 
indeed give the prize to a particular discoverer, brilliant, painstaking, or 
otherwise; but discoveries awaiting to be discovered arrange themselves in 
a sequence fixed by a determinable logic. This logic in the discovery of 
fundal diseases is the principal theme of this paper. The discoverers may 
be accidental, but the discoveries are not. 

The sense of logic in these discoveries is further heightened, as we shall see, 
by the fact that in each disease of the fundus, at each stage, the discoverers, 
brilliant, painstaking, or both, applied themselves consciously to the solution 
of that stage’s problems, and chance did not give her prize to an outsider. 
Perhaps this happened because the ocular fundus is somewhat off the beaten 
track of the casual observer. 

Understanding of fundal diseases as of all diseases requires a knowledge 
of the clinical pattern, of the initial lesions from which the clinical pattern 
evolved, of the events leading up to the initial lesion, and finally of the 
treatment of these events. We can, therefore, divide the acquisition of the 
knowledge into four phases: 

(1) The determination of the static ophthalmoscopic picture, where the 

initial lesion is yet unknown. 

(2) The discovery by ophthalmoscopy of the initial lesion, and, therefore, 

of the evolving clinical pattern. 

(3) The discovery of the events leading up to the initial lesion. This 

frequently involves the reproduction of the disease in animals. 

(4) The application of the facts learned in the previous phases to experi- 

mental therapy in man. 





* Received for publication November 3, 1959. 
T Lecture given at the University of Glasgow on April 19, 1959, on the occasion of the award of the Mackenzie 


Memorial Medal. 
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Our understanding of retinal disease has gone through these four phases 
in this order. This I hope to demonstrate as we proceed by discussing 
diabetic retinopathy, retinal detachment, retrolental fibroplasia, hyper- 
tensive retinopathy, and disciform degeneration. 

The passage from phase to phase was often made difficult by established 
errors which lay across the path, and these, too, will be mentioned; not in 
criticism of our teachers or of our teachers’ teachers, but because they 
illustrate the difficulties that medicine must always surmount in its phases of 
discovery. There is hardly ever in medicine a void into which the truth may 
advance, there is always an established misconception to dislodge. This is 
natural because we are dealing with the sick, whose appetite for diagnosis, 
prognosis, and therapy is not always to be postponed, and for which every 
generation must cater as best as it can. 

As we go on it will be seen to be important to show where fundal discovery 
depends on the clinician and where on the basic scientist such as the 
biochemist or biophysicist. Medicine, like the visual arts, is becoming less 
clinical and more abstract or semi-abstract. That is to say it is running 
away from the immediate problem of the individual in search of more basic 
or “‘purer” truths, the process called basic or pure science. Just as the 
painter may ask himself where his realism or if you like to call it clinical 
portraiture is leading him, so the ophthalmologist might ask himself if it 
would not be better for the sake of discovery to leave the dark room for the 
laboratory. As we shall see, as you already know, this is often advisable; 
but it is of- interest for a study of the nature of discovery to indicate where the 
realism of the ophthalmoscope and where the abstraction to the laboratory 
are needed. 

With these intentions and generalizations in mind, we can now proceed 
with what we know of certain fundal diseases. 


DIABETES 


The “static” ophthalmoscopic picture of diabetic retinopathy (Phase 1) 
was described by Jaeger (1856); yet if one consults a standard text-book pub- 
lished before 1943 the clinical description of the retinopathy is still confined 
almost entirely to a detail of circular haemorrhages and solid-looking 
exudates, and the possibility of severe intra-ocular haemorrhage into the 
vitreous. The lesions, except in their degree, do not arrange themselves 
into an evolving pattern. The initial lesion, the presence of micro-aneurysms, 
is not emphasized, although they had been described by Mackenzie and 
Nettleship in 1877. Doubts are even expressed whether there is such an 
entity as diabetic retinopathy, many authors being of the opinion that the 
condition is merely a variant of hypertensive retinopathy occurring in a 
diabetic subject. They point out that the blood pressure is frequently 
raised in this condition which, moreover, appears to be unrelated to the 
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degree of hyperglycaemia. Duke-Elder (1940) summarized the position by 
stating that pathological investigations revealed little peculiar to the con- 
dition. These doubts probably did much to discourage the minute and 
careful observations which later enabled Ballantyne and Loewenstein (1943) 
to establish the initial lesion and therefore finally the identity of the condition. 
Histology at this stage offered little to diminish the diagnostic doubts of 
ophthalmoscopy. 

It was not, then, until 1943 that Phase 2 was reached. Ballantyne and 
Loewenstein (1943) and later Friedenwald (1949) and Ashton (1949) showed 
that the primary change is a disturbance of the capillary basement membrane, 
from which is evolved a series of progressive changes: capillary dilatation, 
aneurysm formation, haemorrhages, exudates, venous stasis, new vessel for- 
mation, and in many cases blindness from severe vitreous haemorrhage. The 
evolution of the clinical pattern was made clear for the first time after almost a 
century of ophthalmoscopy and there could now be no doubt that diabetic 
retinopathy was a disease sui generis distinct from hypertensive retinopathy. 
The initial lesion in the capillary basement membrane consists at least in 
part of a mucoid or mucoprotein thickening, with consequent capillary wall 
dilatation and aneurysm formation. The way was now open for a search 
into the cause of the initial lesion. This was obviously not hyperglycaemia 
to which the retinopathy bore no direct relationship. 

The opening of Phase 3 of our understanding may in a sense be said to 
have begun when Ashton (1949) showed that the nephropathy peculiar to 
diabetes—Kimmelstiel-Wilson disease—occurred almost exclusively in cases 
of diabetes showing retinopathy. The histological similarities between the 
retinal and renal changes in diabetes were pointed out by Becker, Maengwyn- 
Davis, Rosen, Friedenwald, and Winter (1954). 

A series of studies, chiefly biochemical and endocrinological, published 
between 1952 and 1954 suggested that the initial lesion in the retinopathy 
was the end result of a sequence of events including overactivity of the adrenal 
cortex with a resulting or associated defect in the mucopolysaccharide 
metabolism (Friedenwald, 1952, 1953; Becker, Allen, Winter, Maengwyn- 
Davies, and Friedenwald, 1954; Becker, Lang, and Chow, 1953; Good, 
Good, Kelley, and Glick, 1951; Berkman, Rifkin, and Ross, 1953; McManus, 
1950). Success in the production of diabetic retinopathy in alloxanized 
rabbits given large doses of cortisone was reported by Becker (1952). 
Recently, however, certain authors have expressed doubt that overactivity 
of the adrenal cortex plays a role in the pathogenesis of the retinopathy. 
Rifkin, Solomon, and Lieberman (1958) found no increase in the urinary 
secretion of 17-hydroxycorticosteroids in cases of diabetic retinopathy; 
Becker’s success in producing diabetic retinopathy experimentally in rabbits 
has not been reproduced by others, and despite the use of large doses of corti- 
sone in many conditions the occurrence of retinal micro-aneurysms is extremely 
rare. We may, therefore, summarize the present state of Phase 3 by noting 
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that the evidence although suggestive, is conflicting. Until the disease has 
been definitely reproduced experimentally in the retina the consummation 
of this phase must remain in doubt, although its progress has in the meantime 
been tentatively measured by therapeutic experiments in man. 

Phase 4, therapeutic experimentation, has not been touched with success. 
The treatments resorted to on the basis of the evidence regarding the patho- 
genesis of the initial lesion include removal of the pituitary gland, adrenal- 
ectomy, and the exhibition of testosterone. Lack of success has discouraged 
further efforts in these directions, and we await more information regarding 
the events leading to the initial lesion. 


_ RETINAL DETACHMENT 


Phase 1 of our knowledge of retinal detachment began almost with the 
discovery of the ophthalmoscope. Coccius (1853) noted the presence of the 
retinal hole but without appreciating its significance. Phases 2 and 3 began 
together 30 years later thanks to the remarkable genius of Leber (1882), 
who, in one single report, established the significance of the retinal hole as 
the initial lesion and demonstrated the importance of vitreous pull on the 
retina. Phase 4 was embarked upon when Gonin (1925, 1927, 1929) showed 
that it was possible to cure the detachment by electrocautery of the retinal 
hole. 

Before 1882 retinal holes had been only occasionally reported in cases of 
retinal detachment. They were generally considered to be the result of the 
detachment and to permit the subretinal fluid, a product of the chorio-capil- 
laris, to pass into the vitreous. They were considered by some observers to 
help in this way to reduce the detachment and, therefore, to be favourable to 
prognosis. Puncturing holes in the retina was even suggested as a mode of 
therapy. 

Leber (1882) brought forward proof that the hole was the initial lesion in 
retinal detachment, and he thereby confirmed the findings of de Wecker 
(1870), who had reported that in the previous 2 years he had examined his 
cases most carefully and had found that every fresh one had a retinal hole. 
de Wecker had also stated that the hole had appeared in the quadrant 
appropriate to the initial visual symptoms of clouding and flashes. In this 
remarkable report of 1882, Leber also encompassed the Phase 3 by showing 
that the factors leading to the initial lesion were vitreous traction and cystic 
degeneration of the retina. He confirmed the point, already made by 
Iwanoff (1869), that retinal detachment was always preceded by vitreous 
detachment, indicated the fluid interval between the detached vitreous and 
the retina, explained the morphology of a horse-shoe hole on the basis of a 
pull by the vitreous on the flapped lid, and discussed his histological findings 
of adherence between vitreous and retina. Leber even explained that “light 
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flashes’’, were not succeeded by the appearance of a hole or detachment, 
when the vitreous pull was insufficient to tear the retina. He further com- 
pleted Phase 3 by giving details of his experimental reproduction of the 
disease in rabbits. Iron, copper, and lead foreign bodies placed in the 
vitreous of rabbits produced a band formation which pulled on the retina and 
caused retinal holes and detachment within a few days of the commencement 
of the experiment. The general acceptance of this explanation of the events 
leading up to the initial lesion awaited the confirmatory finding of 
Deutschmann (1895), Gonin (1904), and others, and of those who had the 
technical advantage of slit-lamp microscopy of the fundus (Goldmann, 1954), 
but there is little doubt that credit for this phase of discovery belongs to 
Leber. 


The concept of the pre-initial lesion phase, as suggested by Leber and since 
generally accepted, is that of a senile or myopic degeneration occurring 
simultaneously in vitreous and retina. The pre-initial lesion phase may 
consist of other circumstances and in this connexion I should like to mention 
the evidence that a specific ischaemic retino-choroiditis may lead to hole 
formation (Gonin, 1923; Michaelson, 1955, 1956). In this condition there 
is a local secondary vitreous fibrillary formation which by its retraction tears 
the ischaemic retina. It is quite possible that more than one set of circum- 
stances may lead to the initial lesion of a retinal hole. 


Leber (1882) concluded his report by regretting that he had no therapy to 
offer based on his findings. He was close to the promised land, but it was 
not given him to enter it; it was not until about 40 years later that Gonin 
performed the therapeutic experiment in man of closing the retinal hole by 
electro-cautery, which has since been the basis of our therapy (Gonin, 
1925, 1927, 1928). 


The cause of the initial lesion, cystic degeneration of the retina and 
vitreous adhesions, has not received the same therapeutic attention as the 
lesion itself, but in some clinics an attempt has been made to prevent detach- 
ment by the diathermy or photocoagulation of these early changes. A national 
co-operative study is being carried out in Israel to assess desirability of such 
interventions. The six main ophthalmic departments are carrying out a 
uniform study of the incidence of retinal detachment in myopic eyes, phakic 
or aphakic, with or without detachment in the fellow eye, and also in all 
eyes whose fellow has had a retinal detachment. An attempt will be made to 
assess the prognostic significance of certain types of retinal and vitreal 
changes. The diagnostic criteria are standardized, and these findings will 
allow uniform surgical procedures to be planned which may lead to statistic- 
ally valid replies to the question of the desirability of prophylactic treatment 
of retinal detachment. Photocoagulation, as described by Meyer- 
Schwickerath (1959), presents wide possibilities in this regard. 
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RETROLENTAL FIBROPLASIA 


Phase | of the discovery of this disease began when Terry (1942) gave a 
histological description of the vascular fibrous mass present behind the lens 
in premature infants. He gave cogent reasons for its not being a cyclitic 
membrane, and was of the opinion that it was a fibroplastic overgrowth of a 
persistent tunica vasculosa lentis or of the entire vascular structure in the 
foetal vitreous. In the light of this assumption, it seemed reasonable to many 
investigators to discuss the antenatal factors which might have acted on the 
vitreous vessels, which normally disappear 6 weeks before birth. Anoxia 
of the foetus in the womb was thought of, and in this connexion experiments 
were carried out with pregnant mice which demonstrated that if they were 
partially deprived of oxygen a certain percentage of their new-born offspring 
showed an abnormal persistence of the hyaloid system. Moreover, on the 
basis of the condition being due to haemorrhages from this system, vitamin K 
was used. It also seemed reasonable to attempt to close the hyaloid artery 
by surgical means. 


This was Phase | of discovery with its frustrations of diagnosis and therapy. 
Phase 2 was carried out by Owens and Owens (1949), Friedenwald, Owens, 
and Owens (1951), and Heath (1951), who clearly showed by histological 
and clinical examination that the condition was primarily a vascular retino- 
pathy affecting the-growing retinal capillaries which in the premature infant 
continued to grow after birth. The other manifestations of the disease, new 
vessels in the vitreous, retinal detachment, and vascularized membrane 
behind the lens, were shown to be merely the end products of the spread of 
the abnormal retinal neovasculature through the internal limiting membrane. 
The evolving pattern from the initial lesion to the last scene was now clear, 
but the therapy that it suggested was of no help. ACTH was given in large 
doses in an attempt to arrest the new vessel growth. 


The next phase of discovery, the cause of the initial lesion, that is the 
abnormal retinal neovascularization, was completed in 1952, although 
Michaelson (1948) and F. W. Campbell (1951) had already brought forward 
sufficient evidence that the concentration of oxygen in the retina was a 
deciding factor in the development of new vessels in the retina. The 
capillaries in the retina first develop from the side of the vein remote from 
the neighbouring artery, and only later grow from the side of the vein close 
to the artery. In their further growth they never quite reach the artery but 
leave a space around it which is capillary-free throughout life. This peri- 
arterial capillary-free zone is about 100 my. in average width, but can be 
reduced in size by lowering the atmospheric pressure. The clinical evidence 
for the significance of an abnormal oxygen concentration soon began to 


. arrive, especially in the reports of K. Campbell (1951), Crosse and Evans 


(1952), Ryan (1952), Jefferson (1952), and Szewczyk (1952). These authors 
34 
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showed that most of the patients with retrolental fibroplasia had been kept 
in incubators for a more or less lengthy period and had during that time 
received oxygen in concentration of 50-70 per cent. Children who had not 
been kept in abnormal concentrations of oxygen did not develop the disease. 
Phase 3 was completed when Ashton, Ward, and Serpell (1953) and Patz, 
Eastham, Higginbotham, and Kleh (1953) produced the disease by placing 
mice and kittens in abnormal oxygen concentrations. 

Phase 4 came between 1954 and 1955, when human clinical experiments 
carried out by Kinsey (1956) in a national cooperative study, showed that 
the disease could be prevented by removing the cause of the initial lesion, that 
is the exposure of the infant to abnormally high concentrations of oxygen. 

Thus it may be said of retrolental fibroplasia that the disease is almost 
completely understood and is to that extent within our powers of diagnosis, 


prognosis, and treatment. 


HYPERTENSION 


The static phase in hypertension was described by Ballantyne (1937) and 
Friedenwald (1947): 
(1) Narrowing of the vessels due to angiospasm or hypertonus of the vessel 


(2) Calibre variation usually due to local hyperplasia of the vessel wall. 


(3) Changes at the arterio-venous crossings (chiefly Gunn’s sign) due to hyper- 
plasia of the vessel walls and lack of retinal transparency. 


(4) Fullness of the vessels due to increased diastolic pressure. 


The evolution of the clinical and histological appearances has been 
explained more or less completely only by Leishman (1957). The degree of 
hypertonus is a measure not only of the hypertensive process but also of the 
capacity of the vessel wall to respond to that process, that is of the age of the 
patient and the accompanying involuntary sclerosis. If the hypertension 
appears in middle age or later, the vessel wall because of the pre-existing 
sclerosis cannot contract to the same extent as in younger persons. The 
result is that very high levels of diastolic pressure are not obtained in the 
older age groups and malignant hypertension is not a sequel to the contrac- 
tion of the vessel. Leishman has shown that the initial lesion consists not 
only of the action of the hypertonic factor on the vessel wall, but also of 
the capacity of the vessel to react, that is of the degree of sclerosis of the 
vessel wall. 

In this further consideration of the evolving hypertensive process in the 
retina, Leishman has shown that the hypertonic-hyperplastic changes are 
followed by a reactionary sclerosis, as the result of which the thinned and . 
weakened vessel wall dilates under the influence of the raised blood pressure. 








el 


T- 


on 
of 
1e 
1€ 


1g 
1e 
1e 


ot 
of 
ne 


ne 
re 


id « 











ERROR AND DISCOVERY IN FUNDUS DISEASE 531 


This implies two facts: 
(a) That the vessel fullness is a late effect. 


(5) That the vessel previous to its dilatation undergoes a narrowing of 
diameter. 


My experience does not confirm this in all cases. In some cases the fullness 
of the vessels is certainly a late effect and may be interpreted as Leishman 
has done, even though there is no definite evidence of its having been pre- 
ceded by a narrowing of the vessel diameter. In other cases, however, the 
fullness of the vessels appears fairly early, and it is reasonable to consider it 
simply as a “tightening” of the vessel wall due to the heightened diastolic 
pressure. There are very few cases in which it is possible to demonstrate 
that the fullness of the vessels has been preceded by a stage of narrowing. 
Be this as it may, Leishman has been an important architect of Phase 2 of 
our understanding of the behaviour of the retinal vessels in hypertension. 
Since appreciating the essential truth of his observations, my colleagues and 
I have made fewer mistakes in diagnosis and prognosis. 

Phase 3, our knowledge of the hypertensive factor causing the initial 
lesion, is dependent on the general clinician and the pathologist. Although 
in most cases of hypertension there is no known antecedent condition which 
may be considered as causal, in about 5 per cent. of cases there has been a 
disturbance of the kidneys or of the adrenal and pituitary glands. The 
latter conditions (Cushing’s disease, phaeochromocytoma) involve over- 
production of adrenalin. The process whereby a diseased kidney produces 
hypertension is not known, although it is probabie that it does so by the release 
of a hypertensive factor into the blood, of which the well known experiments 
of Goldblatt, Lynch, Hanzal, and Summerville (1934) and Goldblatt (1937) 
on dogs are suggestive. Whatever the factor may be, its effect on the vessels 
is mediated by the sympathetic nervous system. 

The treatment of hypertension is essentially that of the initial lesion, the 
overactivity of the sympathetic nervous system and the vessel hypertonus. 
Both medical and surgical methods have shown notable achievements in this 
respect. The treatment of the cause of the initial lesion is, however, 
occasionally possible and is usually confined to nephrectomy or to operation 
for Cushing’s disease or phaeochromocytoma. By these means it has 
frequently been shown that the papilloedema and retinal haemorrhages or 
exudates may be greatly diminished or made to disappear. 


DISCIFORM DEGENERATION AT THE MACULA 


This disease is an example of a retinal disorder in which our knowledge 
is limited to Phase 1, the initial lesion not having yet been determined. 
Although Oeller (1905) first used the title disciform degeneration of the 
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macula lutea, Holm (1917) was the first to give a satisfactory clinical 
description. 


Some cases are, from first to last, preponderatingly exudative; others 
show both exudate or haemorrhage in a relationship which makes it difficult 
to say which is primary; others have a sudden onset with massive 
haemorrhage, the exudate being apparently a late development. This is as 
far as clinical observation has gone. 

From the histological examination of the static phase, emerges the fact 
that an early change is a disturbance of Bruch’s membrane. Most authors 
report changes in this membrane (Junius and Kuhnt, 1926; Wolfflin, 1926; 
Vogt, 1935; Rintelen, 1937; Braun, 1937; Verhoeff and Grossman, 1937), 
and very few authors deny it, an assertion which properly would demand 
examination of all the areas by means of serial sections. The vessels of 
the choroid are described as normal by most authors. 

Despite the accumulated clinical and histological facts, there is not yet suffi- 
cient evidence to assume finally that the initial lesion is a change in Bruch’s 
membrane, a vascular fault, or perhaps some other defect. The completion 
of Phase 2 of discovery may be clinical and may depend on more precise 
examination of the earliest changes in the fellow eye, or may come from 
further histological reports on eyes in the earliest stage of the disease. These 
reports may be concerned with the state of the posterior ciliary vessels and 
other orbital vessels as much as with the tissues within the eye. The possible 
presence of a systemic disturbance, for example of the elastic tissue in the skin 
and elsewhere, may throw light on the state of Bruch’s membrane in the 
subjects of this condition. 

It is clear that, until the phase of the initial lesion and the phase of the 
events preceding it are known, there can be no rational discussion of therapy. 
The use of heparin is based on the fact that the initial lesion is a vascular 
fault, an example of the difficulty of placating the natural desire of the 
patient for some form of therapy for a blinding disease. 


DISCUSSION AND CONCLUSIONS 


From the analysis attempted in a few fundus diseases, which is set out in 
tabular form opposite, one might perhaps be permitted to indulge in some 
generalizations. Excluding for obvious reasons retrolental fibroplasia, the 
first phase of discovery came within a few years of the invention of the 
ophthalmoscope. The second phase in most of these diseases was completed 
only a half century or more later and one is therefore tempted to ask what 
special qualities or facilities were needed for its consummation. 

The first undoubtedly is the capacity for prolonged and painstaking 
observation, with careful note-taking, photography, and sketching. It is 
especially important if the same case can be followed up over a number 
of years. This requires great patience as well as judgment and “‘the art is 
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TABLE 
PHASES OF DISCOVERY IN FIVE PATHOLOGICAL CONDITIONS OF THE FUNDUS 
Phases of Diabetes Retinal Retrolental Hypertensive Disciform 
Discovery Mellitus Detachment Fibroplasia Retinopathy Degeneration 
i355 1852 1942 1890 c. 1917 
1 “Static” ? Hypertensive | ? Holesecondary| ? Persistent 
retinopathy phenomenon | _ tunica vasculosa| 
1943 1882 1949 1957 
Initial lesions Micro- Retinal hole Capillary Hypertonus + ? Bruch’s 
2 and evolving aneurysms retinopathy Sclerosis membrane 
pattern ? Vascular 
? Other 
1952 1882 (1904) 1948-1953 
Cause of initial | Disturbance of | Vitreous Hyper- (a) Hormonal 
lesion (a) Adrenal traction and oxygenation (6) Unknown 
cortex cystic retina 
3 (6) Mucopoly- 
saccharide 
metabolism 
Production in Rabbits Rabbits Cats and mice Dogs 
animals 
Therapeutic 
experiments in 
Man 1954 
(a) Cause of | Unsuccessful Prophylactic Minimum Nephrectomy 
initial 4 coagulation oxygen Adrenalectomy 
4 lesion 
1925-1929 
(4) Initial None Closure of hole | None Sympathectomy 
lesion or 
Hypotensors 


























long, life is short, and judgment difficult”. The Glasgow school of 
ophthalmology undoubtedly owes much in this matter to the late Prof. 
Arthur Ballantyne and to the help of the artist Mr. Gabriel Donald. 

The second quality, perhaps a rarer one, is the capacity of the ophthalmo- 
scopist to disabuse himself of preconceived ideas and to see things other 
than those he has been taught to see, and to be open to the significance 
of resemblances and recurrences. Leber, Gonin, and Ballantyne among 
others had this special talent. When generations of ophthalmoscopists have 
decided that the hole is a consequence of the retinal detachment or that the 
small red dots in the retina of a diabetic are haemorrhages, it takes a 
particular mind to think of other possibilities. 

The third quality is an imagination to trace the pathological process. 
This, using the new-won facts, is capable of flashing a hypothesis which 
clicks all the facts into some order, as a magnet influences a heap of particles. 
This capacity is well illustrated by Leishman’s work on hypertension. The 
multi-nuanced minutiae of calibre variation, arterio-venous crossing changes, 
colour, light reflex, and diameter changes could be disciplined into order 
only by an effort of this type of imagination. 

Finally, we must mention parallel histological studies, together with the 
use of special techniques such as block examination or injection of the retinal 
vessels. In the diseases I have mentioned the histological studies have been 
more important in confirming than in initiating the discovery of the initial 
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lesion. The significance of the hole in retinal detachment, of neovasculariza- 
tion in retrolental fibroplasia, or of the micro-aneurysm in diabetes could 
probably not have been revealed by the non-clinician alone. He would have 
been looking for a needle in a haystack, and even then, the needle might have 
disappeared like the hypertonic contraction of the retinal arteries after enucle- 
ation. Indeed the difference between the ophthalmoscopist and the histologist 
is a rather artificial one. In so far as histology, as a discipline, is chiefly dis- 
tinguished by the magnification, with which tissues are observed, 
ophthalmoscopy fringes on the discipline because it permits a magnification, 
comparable to that of the lower power of the microscope, of tissues which are 
naturally fairly clear. 

The time has now come to revert to the two questions posed at the outset 
—the logic of discovery in fundus diseases, and the relative roles of the 
clinician and the basic scientist. 

None of the discoveries described phase by phase above was made by 
chance, but by painstaking, prolonged, purposeful labours spread over many 
years. No phase could come before its time but awaited the revelation of the 
preceding one. On the other hand within each* phase some chance inspira- 
tion may play a part. Once Gonin had opened the fourth phase of our 
knowledge of retinal detachment, the principle of closure of the retinal hole, 
other methods of hole closure were bound to arrive. Indeed they did in the 
form of the happy thoughts of Weve (1932) with diathermy and of Meyer- 
Schwickerath (1959) with photocoagulation. The initiation of a new phase 
is no chance discovery, but the development within each phase may be slow 
or rapid according to fortunate inspiration. 

Regarding the relative roles of the ophthalmoscopist and the basic scientist, 
the discovery of the initial lesion is essentially the function of the 
ophthalmoscopist, and his discovery must precede investigation into 
causation. 

The search for the cause of the initial lesion (Phase 3) is essentially the 
province of the basic scientist. The search for the cause of the initial lesion, 
as for example in diabetic retinopathy and hypertension, involves a know- 
ledge of biochemistry and pathology which the clinical ophthalmologist can 
only rarely have. We expect much assistance from the biochemist and the 
experimental pathologist, especially in so much as they are engaged in the 
elucidation of the atheromatous process. This is possibly the cause of the 
initiallesion in a high percentage of retinal conditions, including venous 
occlusion, disciform degeneration, and senile macular degeneration. What 
may we in the light of present knowledge expect from the biophysicist 
with the psycho-physical and electro-physiological approaches to retinal 
disease? By these methods it is possible that he may be able to localize 
disturbances in the receptor or synaptic layers of the retina; and it is possible 
that he may be able to differentiate between disturbances of the photopic 
and scotopic systems. To this extent help may be obtained by discovering 
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the site of the initial lesion, as for example in retinitis pigmentosa or Oguchi’s 
disease. The biophysical approach to retinal dysfunction does not at 
present, however, appear to give help in the elucidation of the line of events 
leading to the initial lesion. 

We have noted that Phase 2 depends on the ophthalmoscopist and 
Phase 3 on the basic scientist. Phase 4, like Phase 2, is essentially clinical. 
Treatment may be directed towards the cause of the initial lesion (e.g. 
hyperoxygenation in retrolental fibroplasia, or disturbance of renal or 
adrenal function in hypertension), or it may be limited to the initial lesion 
itself (e.g. closure of the retinal hole in detachment, or sympathectomy or 
hypotensors in hypertensive retinopathy). The ultimate aim should of 
course be preventive and therefore directed towards the cause of the initial 
lesion. An example of this is shown in the present studies in prophylactic 
coagulation of the retina. 

So we are aware how in the processes of discovery, the clinician and 
realist alternates with the basic and abstract worker. It is like a relay race, 
each waiting until the other hands over the rod, and there is usually no gain 
in jumping one’s turn. Application to the individual alternates with applica- 
tion to the idea, each being borne by and giving birth to the other. Although 
we have used developments in art to illustrate fundal discovery, it occurs to 
us that the artist might be helped by watching the mechanisms of fundal 
discovery. 

The practical upshot of what I have said is that the ophthalmoscopist has 
had an important role in the elucidation of certain fundal diseases, and still 
has much to do. I have not said anything new. At best I have made aware 
what already is known to most of you, and certainly to the group of people 
with whom I had the honour to work a decade or two ago. Perhaps, after 
all, I chose this subject this evening in this place so that I could renew 
ophthalmic memories that I shall always cherish. 
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TOXOPLASMOSIS 


SEROLOGICAL STUDIES ON PATIENTS WITH CHORIO-RETINITIS 
IN NIGERIA* 


BY 


HERMAN A. IVERSON,+t M. DOUGLAS HURSH,{ anp ANN LEWIS§ 


AN opportunity presented itself in September and October, 1958, to observe 
African patients with chorio-retinitis in Kano, Nigeria. Although it was not 
possible to carry out detailed studies on these patients, blood sera were taken 
and tested for antibodies to Toxoplasma, a protozoan parasite. The results 
of these tests are of interest. 

Wolf, Cowen, and Paige (1938) established toxoplasmosis as a human 
disease. Severe encephalomyelitis and bilateral chorio-retinitis were found 
in the patient whom they describe. The ocular pathology of toxoplasmosis 
was described by Wilder (1925). Jacobs, Fair, and Bickerton (1954) isolated 
and cultured Toxoplasma from the eye. Our knowledge of ocular toxo- 
plasmosis was summarized in the XIV Jackson Memorial Lecture by Hogan 

1958). 
Antibody to Toxoplasma can be demonstrated in the serum of an affected 
individual with the methylene blue dye method as described by Sabin and 
Feldman (1948). Up to the present time the reaction has proved to be a 
specific one. In the absence of other known causes of chorio-retinitis, the 
finding of a high titre in the serum by this test suggests that ocular toxoplas- 
mosis may be present. 

Feldman and Miller (1956) tested ten human populations in a serological 
study of toxoplasmosis. The methylene blue dye test was used and only 
titres of 1:16 or above were considered positive. There were no positive 
sera in the Eskimo population. Various city populations in the United 
States showed from 17 to 35 per cent. positive sera for toxoplasmosis. The 
sera from the Tahiti population were positive in 68 per cent. 


Method of Study 


All of the patients were seen in the clinics of the Sudan Interior Mission Eye 
Hospital in Kano, Nigeria. The patients were of the Negro race and lived for the 


* Received for publication October 16, 1959. 

t Eureka, California. : a 
t Sudan Interior Mission Eye Hospital, Kano, Nigeria. 
§ Francis I. Proctor Foundation for Research in Ophthalmology, University of California Medical Center, San 


Francisco. 
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most part in Northern Nigeria. The blood specimens were taken under sterile 
conditions. 3 ml. serum, to which | drop of 3 per cent. merthiolate aqueous 
solution had been added as a preservative, were removed into a small sterile glass 
container in each case. All the specimens were kept under refrigeration and at 
the end of the 2-month period were sent by commercial air transportation, with 
refrigeration where this was possible, directly to the Francis I. Proctor Foundation 
in San Francisco for serological studies. 

The standard dye test procedure as outlined by Sabin and Feldman (1948) was 
done. Titres below 1:16 were not investigated. 


Results 


Chorio-retinitis was found in seventeen patients. Thirteen members of this 
group showed active chorio-retinitis and four showed inactive chorio-retinitis. 
Blood sera were also taken from 77 other patients who had conditions such 
as glaucoma, trachoma, cataracts, and refractive errors with no evident 
chorio-retinitis. One patient with acute iritis was not included in the above 
two groups. The Table shows the patients with active and inactive chorio- 
retinitis and the dye test titres of the sera. 








TABLE 
DYE TEST TITRES IN SEVENTEEN PATIENTS WITH CHORIO-RETINITIS 
Case No. Age (yrs) Dye Test Titres Degree of Chorio-retinitis 
1 50 Negative Active 
2 19 Negative Active 
3 21 1:64 Inactive 
4 16 1:64 Active 
5 15 1:64 Active 
6 20 1:64 Active 
7 27 1:64 Active 
8 58 1:256 Inactive 
9 29 1:256 Active 
10 22 1:256 Inactive 
11 17 1:256 Active 
12 70 1:256 Inactive 
13 49 1:256 Active 
14 17 1:1024 Active 
15 36 1:1024 Active 
16 23 1:1024 Active 
17 39 1:4096 Active 














The relationship between these cases and the dye test titres is given in Fig. 1 
(opposite). 

The relationship between the cases showing no evident chorio-retinitis and 
_ their dye test titres is shown in Fig. 2 (opposite). 
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Fic. 2.—Methylene blue dye test titres in patients without chorio-retinitis. 


Comment 


In this small group of cases of active and inactive chorio-retinitis, 88 per 
cent. showed positive methylene blue dye tests for toxoplasmosis at a dilution 
of 1:16 or above. 37 per cent. of a somewhat larger group of cases showing 
no evident chorio-retinitis had positive serum dye test reactions at a titre of 
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1:16 or above. Hogan (1958) found a positive dye test at a titre 1:16 or 
above in 35 per cent. of his series of patients with uveitis and a 25 per cent. 
incidence in a miscellaneous group of patients without uveitis. One patient 
with acute iridocyclitis showed a dye test titre of 1:256 and he was not 
included in either of the two groups presented in this study. 

Definite conclusions cannot be drawn from this study. It will be of 
interest, however, to see if future work in this field will give added support 
to the possibility that toxoplasmosis is a cause of chorio-retinitis in Northern 
Nigeria. 


Summary 
Patients with chorio-retinitis from Northern Nigeria frequently show 
accompanying high blood serum titres for toxoplasmosis with the methylene 
blue dye test. 


Appreciation is expressed to Dr. Michael J. Hogan for his advice and cooperation in this study. 
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NON-TRAUMATIC DIALYSIS IN THE YOUNG* 


BY 
MALCOLM E. CAMERON 


Brisbane, Australia 


A DIALYSIS, or separation of the two ectodermal retinal layers at the ora, 
occurs in the following circumstances: 

(1) In the senile eye, when the dialyses are usually small and multiple and 
situated anywhere in the periphery. 

(2) In the aphakic eye, when the dialyses may be single or multiple, often in the 
upper half of the retina. 

(3) In the normal emmetropic eye which has received definite trauma, either 
directly or indirectly, e.g. a non-penetrating blow from an air-gun pellet, or a fall 
from a horse. Here the dialysis is single and usually below and temporal, or above 
and nasal; or it may be situated at the point of the direct trauma. 

(4) In the eyes of the young. Here most cases fall into the age group 15-35 
years, and in this age group two types may be distinguished: 

(a) The dialyses following rupture of the large bilateral symmetrical cysts situated 
below and temporally. These are quite rare. 

(6) The single dialysis, almost invariably in the lower temporal region of the retina, 
and with no known cause. 


This last type, which is also uncommon, will be discussed below by con- 
sidering the non-traumatic cases that have occurred in the Brisbane General 
Hospital in the 11 years from July, 1947, to July, 1958. 


MATERIAL 


During this time, 22 cases of idiopathic dialysis were seen. (These include three 
cases where no diagram of the detachment was drawn, but where consideration of 
all the other findings leads one to believe a dialysis was present.) There were nine 
cases which followed, within a reasonable time, definite moderately severe trauma, 
only one case of dialysis associated with aphakia, and no cases of bilateral sym- 
metrical cysts. These will not be discussed further. 


History.—Only one-quarter of the patients consulted a doctor in the 2 weeks 
following interference with vision. One half of the patients waited for from between 
1 and 6 months before consulting a doctor, and two boys, aged 11 and 15, waited 
9 months and a year respectively before seeking treatment. (The loss of vision was 
mostly gradual rather than catastrophic, and this no doubt accounted for some of 
the delays in consultation.) Two patients, men aged 18 and 28, merely consulted 
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the ophthalmologist because of headaches, and the dialyses were discovered during 
the course of the routine examination. 

The majority complained of blurred vision with the affected eye. Only five 
patients volunteered that the field of vision of one eye was affected, and in these it 
was the upper field that was involved. A small upper nasal loss of field is not easily 
perceived by the patient, because it is covered by the nasal field of the fellow eye. 
Even when the good eye is closed, loss of field in the affected eye is noticed only 
when the detachment has reached the equator. 

Only one patient (with a giant dialysis to be discussed later) complained of spots 
floating in front of the eye, followed one month later by a film over the affected eye. 


INCIDENCE.—Only 22 cases of idiopathic dialysis could be found in an 11-year 
period, in which the total new out-patient attendance at the Eye Clinic was approxi- 
mately 50,000. The actual number of retinal detachment cases of all types was 184, 
thus giving an incidence of idiopathic dialysis of 11 per cent. 


Sex.—There were fifteen males (67 per cent.) and seven females (33 per cent.) 


AGE.—Eighteen patients were in the 15- to 35-year age group. The youngest 
patient was a boy of 11, the oldest a man of 58. The other two outside this age 
group were a girl of 14 and a man of 42. 


REFRACTION.—If, by emmetropia, one includes all cases with a refractive error 
of 1 Dor less, then there were only two ametropic eyes out of 22, and these required 
-—1-5 D cylinders. 


S1zeE.—Of the nineteen cases accurately drawn, nine involved an area of retina of 
30° or less, another nine involved an area of 30°-90°, and in one patient, a male 
timber hauler of 24, a dialysis a little greater than 180° was seen. This last occurred 
in the upper outer part of the right eye. The retina had fallen down over itself; this is 
shown in Fig. 1 (opposite) by the area ABC. Méedially in this area the retina was 
grossly ballooned, while laterally it was shallower. The area above A B was seen 
to comprise choroid only, with no retinal architecture at all. The only normal 
strip of retina was seen to occupy the periphery of the lower nasal quadrant (below 
AC). The visual field was correspondingly reduced to a small part of the upper 
temporal field (Fig. 2, opposite). No surgical treatment was attempted. 


SITUATION.—In twelve out of the nineteen cases, the dialysis was situated in the 
lower temporal quadrant ;/in-five directly below; and in two above. 


Sipe.—The right and left eyes were equally involved, and in no case did another 
dialysis occur in the fellow eye. 


OPERATION RESULTS.—In one-third of the cases operated on, the visual acuity 
was restored to 6/9 or better; these were mostly operated on within 2 weeks of the 
occurrence. This correlation is not absolute, as the post-operative visual acuity 
depends on whether the detachment has involved the macula, rather than on the 
time involved, although these are in general directly related. 

Sometimes the detachment was self-limiting, as in a female of 24 with a 4 months’ 
history and “high-water marks’”’; but in this case the macula had been involved and 
the post-operative visual acuity was only 6/60. 
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Fic. 1.—Partly diagram- 
matic sketch of right fundus 





of a timber-hauler aged 24. 
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Fic. 2.—Peripheral fields of same patient. 


The standard operation performed in all cases was the classical diathermy and 
evacuation, and in every case in which adequate post-operative notes were avail- 
able, it was successful. Two operations were performed in consecutive months on 
each of four patients, because of non-attachment after the first operation, and in 
all these a final successful result was obtained. 


a eee ae 





* 


544 MALCOLM E. CAMERON 


AETIOLOGY 


The cause of non-traumatic dialysis in this young age group is rather 
baffling, and two factors require consideration: 

(1) Degenerative processes in the extreme peripheral part of the retina, 
i.e. at the ora serrata; 

(2) Internal forces such as accommodation (Teng and Katzin, 1953), 
normal movements of the eye in association with abnormal vitreous adhesions 
at the ora (Gonin, 1906), and the forces of differential growth, in which the 
pars plana, growing forward at a faster rate than the peripheral retina, 
stretches the latter, snapping one or several oral bays. 


Perhaps degenerative processes may be enough in themselves to bring 
about detachment, but it is just in this young age group that degenerative 
changes are least and dialysis most common. In a recent study of 24 eyes 
with well-marked oral cysts occurring in the age group 44 to 78 years, there 
was not one case of idiopathic retinal dialysis (Grignolo, Schepens, and 
Heath, 1957). Cystoid degeneration at the ora over the age of 50 is universal, 
yet dialysis at this age is very rare, and Leffertstra (1948) goes so far as to 
state that in 90 per cent. of cases the cysts are secondary to the dialysis. 

The only well-proven type of degeneration leading to dialysis is the large, 
bilateral symmetrical cyst. This is thought to begin by the appearance of a 
small cyst between the outer nuclear and outer molecular layers. This grows 
in size or coalesces with others, until a large cyst has been formed. The inner 
wall (next to the vitreous) consists of degenerated Mullerian fibres; the outer 
wall consists of the remains of the rods and cones (Teng and Katzin, 1953). 

The only case in the present series resembling the above was that of a single 
woman aged 21, a trainee nurse. When admitted to hospital on July 20, 
1953, she gave a history that 8 days previously the vision in the left eye 
became blurred, and this was followed by severe impairment 5 days after. 
There was found to be a detachment involving the lower half of the retina, 
with a cyst the size of the disc at 6 o’clock and a small haemorrhage nearby. 
No dialysis could be seen despite intensive searching during the next month. 
Two weeks after diathermy and evacuation on August 24, 1953, the cyst and 
retina were not altered in appearance, but a 15° dialysis could be seen below 
it. After further diathermy and evacuation on September 17, 1953, the cyst 
was seen to have shrunk considerably, and a haemorrhage was present in it. 
The retina became re-attached, but the best vision was only 6/24. In reply 
to a recent questionnaire (July, 1959), she said there had been no involvement 
subsequently of the normal right eye (emmetropic 6/5) and that the visual 
acuity in the left eye had remained the same. 

The initial cystic area which enlarges may be produced by the diminution 
of the blood supply of either the choriocapillaris or the peripheral retinal 
circulation. At the periphery of the retina, there is only one wide-mesh 
capillary network in contradistinction to the two-, three-, or four-layer 
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net-work present in other parts of the retina. Immediately posterior to the 
ora, there is a 1-mm. band of retina without blood vessels (Michaelson, 1954). 


Weve (1935) inquired into the frequency of birth trauma in cases of dialysis 
but could find no correlation. In the present series, a questionnaire was sent 
to seventeen former patients, to see if there was any connexion between 
dialysis and prematurity, but none was found in the twelve who replied. 


With regard to causative internal forces, Teng and Katzin (1953) believe 
that accommodation plays a large part in the creation of cysts and holes at 
the ora. However, if this were so, one would expect a greater incidence of 
dialysis in hypermetropia but, as shown above, dialysis occurs characteristic- 
ally in emmetropic young adults. It is thus seen that no explanation so far 
considered is in accordance with the observed facts. 


Because of this, the author puts forward the following theoretical ex- 
planation mentioned previously—that differential increased growth of the 
pars plana, as compared with that of the peripheral retina, exerts anterior 
traction on the latter, weakening it and eventually snapping it at the ora. 
The ora represents the point at which the loose separation between the neural 
and pigment epithelium changes to the firm adhesion of the pars plana. An 
example of such differential growth is seen in the asymmetry of the ora, the 
nasal ora being 1 mm. closer to the limbus than the temporal, due to post- 
natal temporal growth (Wolff, 1940). Also, the more frequent occurrence of 
retinal detachment in myopic eyes is thought to be caused by the stretching 
of the retina, due to its inability to keep up with the growth of the outer coats 
of the eyeball. It is thought then that the normal greater post-natal temporal 
growth becomes accentuated in cases of idiopathic dialysis, so that the 
temporal oral region is stretched and weakened. This would help explain 
the characteristic temporal situation, not accounted for by any other theory. 

Another factor which may be contributory, is that there is a decreased 
blood supply to this part of the retina, which is phylogenetically and onto- 
genetically the oldest part, and the last to become vascularized (Weve, 1953). 

All the above cases were examined by the direct method of ophthalmo- 
scopy, helped on rare occasions by scleral indentation. The indirect method 
is used by the author mainly in moderate or high myopia, or where the 
dialysis is difficult to see because of opacities of the media. In view of the 
controversy over the two methods, six patients previously operated on for 
retinal dialysis were examined directly with a focusing and a non-focusing 
ophthalmoscope, and indirectly with the Schepens binocular ophthalmoscope. 
In both methods, the patient was seated with the affected eye turned maxi- 
mally in the required direction, and was observed after maximum mydriasis 
had been obtained with 2 per cent. homatropine and cocaine and 10 per cent. 
neosynephrine. 

With direct observation, the surgeon bent over above the patient, shining 
the light down obliquely; with the indirect method, he sat facing the patient. 
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Because of previous diathermy, landmarks were easy to recognize. The 
original dialysis was often seen with the retina re-attached to its new resting 
place. It was found that more of the anterior retina could be seen with the 
focusing direct ophthalmoscope than with either the non-focusing direct 
model or the Schepens ophthalmoscope. The area of view is not so great, 
nor is the retina so clearly seen with the direct method, because of the 
obliquity of the light, but this is more than compensated for by the case of — 
manipulation and the greater extent of anterior retina which can be seen. 
It is possible that more of the anterior retina would have been seen with 
the Schepens model had the patient been lying down (Schepens and Bahn, 
1950), but this was not done in the present series. 

There was only one case of almost certain dialysis, in a male aged 34 years, 
in which the records show that the surgeon (using the direct method) searched 
for the tear but could not find it. A grey area was seen in the extreme peri- 
phery at half past 4 o’clock in the left eye, but the retina peripheral to this 
area could not be seen. However, diathermy at this suspicious area produced 
re-attachment. 

It would thus seem reasonable for those of us more skilled in the direct 
method of ophthalmoscopy to continue with it, bearing in mind that a focus- 
ing direct ophthalmoscope will enable one to see further out in the periphery 
than a non-focusing direct ophthalmoscope. The value of scleral indentation 
at the ora or pars plana in both direct and indirect methods should also be 
remembered. Where no dialysis can be seen with the direct method, even 
with scleral indentation, or if for any reason the examiner is not satisfied, 
indirect binocular ophthalmoscopy should be used, with the patient supine. 


SUMMARY 
(1) 22 cases of idiopathic retinal dialysis are reviewed. 
(2) A new theory is advanced to explain their occurrence. 


(3) Conventional diathermy has been found to give excellent results in 
this type of detachment. 


(4) Observation by a focusing direct ophthalmoscope is considered to be 
quite satisfactory in these cases. 


I wish to thank Dr. A. D. D. Pye for) permission to investigate the Brisbane General Hospital 
records; my colleagues for permission to examine their cases; and Miss L. Pegus for the fundus 
drawing. 
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A SURVEY OF PATIENTS USING — 'ACLE 
MAGNIFIERS* 


BY 


G. S. WILLETTS 
Birmingham and Midland Eye Hospital 


SINcE November, 1957, [gard Hyperocular Spectacle Magnifiers have been 
prescribed at this hospital for unselected patients with permanent low visual 
acuity, who achieved a satisfactory result when tested with these lenses. The 
testing set consists of a single-celled trial frame fitted with adjustable distanc- 
ing posts (to act as stops against which the reading matter is held), an 
occluder, and the three lenses glazed to 40-mm. trial rims: The lenses are 
plastic, aspherical, biconvex, solid lenticulars of magnifications 4 x (+16 D), 
6x (+24D),and8 x (+32D). In practice it was found possible to dispense 
with the distancing posts, even though the reading matter had to be held in 
the focal plane of the lens, giving a short and critical working distance. 
Some of the difficulties arising in the use and design of spectacle magnifiers 
have been reviewed by Lederer (1954), and a summary of low visual aids, 
including spectacle magnifiers, currently available has been compiled by 
Williamson (1958). In February, 1959, it was thought that sufficient of the 
lenses had been prescribed for an assessment of their value to the patients to 
be made. About seventy patients were therefore asked to attend with their 
hyperocular glasses, but only 44 presented themselves for examination. 


RESULTS 


February, 1959.—The patient’s visual acuity with the hyperocular lenses 
was compared with that recorded when the lenses were prescribed, and 
the patient’s opinion of the lenses was noted. 


Sex and Age.—There were 24 males and twenty females, and their ages 
ranged from 16 to 86 years (average 63). 


Lesions.—The principal conditions leading to defective vision in these 
patients are listed in the Table (overleaf). 


It was discovered that two of the patients had not in fact had the spectacle 
magnifiers prescribed for them but had alternative reading low visual aids, 
and these two cases are excluded, leaving 42 for the analysis. 
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TABLE 
OCULAR LESIONS IN 44 PATIENTS USING HYPEROCULAR 


SPECTACLE MAGNIFIERS 





Condition No. of Cases 





Senile and pre-senile macular degeneration . . J: Ai 21 
Interstitial keratitis and other corneal lesions a% 7 5 

Congenital cataract, with and without rage ss ee 5 (including one with aniridia) 
Myopic chorio-retinal degeneration .. iv i, 4 

Occlusion of retinal vessels .. oe 48 ig ig 3 (two venous, one arterial) 
Optic atrophy .. af ae 

Diabetic retinopathy .. 

Glaucoma : 

Hereditary macular degeneration (adult) 
Retinitis pigmentosa .. 

Choroiditis 


2 
2 
2 
1 
1 
Z 1 
Sympathetic ophthalmitis 1 





Total un ~% sé a ee i ai 48 











Note: Four patients are included twice in these figures since they suffered from two contributory 
conditions. Lens opacities of varying degrees were present in many of the cases. 


Visual Acuity.—All the patients in this survey had achieved N5 when the 
lenses were prescribed, except three, two who had read N8 and one who had 
read N6. These three patients all showed a deterioration in reading visual 
acuity with the hyperoculars, although one claimed that they were still 
satisfactory and another had spent the previous 3 months in hospital without 
using the glasses. 

Of the remaining 39 patients, 24 (61 per cent.) could still read N5, a further 
ten (26 per cent.) could read N8 or better, and the rest (13 per cent.) could 
read only less than N8. The five patients in the last group, showing the 
greatest deterioration in reading visual acuity, all had potentially progressive 
ocular lesions. 


Subjective Report.—Of the 42 patients using hyperoculars, 24 (57 per cent.) 
found them satisfactory, seven (17 per cent.) found them of limited use (e.g. 
for newspaper headlines), and eleven (26 per cent.) found them useless. 

Owing to the limited response to the request for patients to attend for this 
survey, several of those who are included had been using the hyperoculars 
for a relatively short time (average 9 months). It was therefore decided to 
re-examine the same patients after a further 6 months and a second survey 
was carried out in September and October, 1959. 


September—October, 1959.—Of the 44 patients seen in February, 31 (70 
per cent.) attended for re-examination, three (7 per cent.) were notified as 
deceased, five (11 per cent.) refused to attend (two because of illness or work, 
and three because they thought their vision now so poor that attendance 
would be useless), and five (11 per cent.) did not reply. 
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The 31 patients re-examined included the two not using hyperocular lenses, 
and one other patient had had a cataract extraction since the first survey and 
was fortunately now able to read N5 with a normal aphakic reading correc- 
tion. These three patients are excluded from the analysis of the results. 
Another patient had found the hyperocular lens useless in February, owing 
to the development of an absolute central scotoma in the eye for which the 
lens had been prescribed, but was now able to read N5 with the lens trans- 
posed to the other eye; this patient is included in the analysis, making a total 
of 28. Of these patients, 23 (82 per cent.) had maintained the same standard 
for the 6 months. 

A further small group of patients using hyperoculars was asked to attend 
for the first time, and ten presented themselves for examination, but one was 
found to have had the lenses incorrectly prescribed and so is excluded from 
the final analysis. 

This makes a total of 41 patients examined in September and October, 
1959, of whom 37 were using hyperoculars. 


Visual Acuity.—Of these 37 all but two had achieved NS originally. 24 
(65 per cent.) of the 37 could still read N6 or better, a further eight (22 per 
cent.) could read N8, and the remaining five (13 per cent.) could read only 
N10 or less (these included the two patients able to read only N8 when the 
lenses were prescribed). 


Subjective Report.—Of the 37 patients using hyperoculars, 25 (60 per cent.) 
found them satisfactory, nine (24 per cent.) found them of limited use, and 
six (16 per cent.) found them useless, although some of this last group 
admitted to being able to read by other means, such as a hand magnifier. 


Conclusions 


A bias towards patients finding the hyperoculars satisfactory may- have un- 
avoidably affected the results of this survey owing to the limited response by 
the patients asked to attend. That 60 per cent. of the patients seen should 
find the lenses useful is felt to be encouraging. The few younger patients 
for whom the lenses had been prescribed almost universally found them 
satisfactory. More of the older patients with low visual acuity suffered from 
multiple ocular pathology with a greater tendency to progressive visual 
deterioration. This, combined with the more limited adaptability of the 
elderly, tended to restrict the value of these lenses for this large group of 
patients. A further limiting factor in the value of such lenses to the elderly 
is the high mortality rate, 7 per cent. being known to have died in a period of 
only 6 months. 

One or two of the younger patients were enabled to learn to read visually 
for the first time with these lenses. 
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A high degree of reading visual acuity (e.g. N5 read with ease-and under- 
standing of the context) at the time the refraction is performed should be 
aimed at before the lenses are prescribed. Almost all the patients in this 
survey who did not achieve N5 when the lenses were prescribed showed 
deterioration in reading ability and found the lenses to be unsatisfactory. 


Summary 


The results of a survey of patients using hyperocular spectacle magnifiers 
carried out in February, 1959, are described. Of 42 patients using the lenses, 
24 could still read N5 but eight could read only less than N8. Subjectively, 
24 found them satisfactory and eleven found them useless. 31 of these 
patients were re-examined after a further 6 months, when 28 were still using 
hyperoculars and 23 had maintained their reading visual acuity. A further 
nine patients with hyperoculars were reviewed for the first time during this 
second survey. 24 of this total of 37 patients using hyperoculars seen in the 
course of the second survey could still read N6 or better but five read only N10 
or less. Subjectively, 22 of the 37 patients found the lenses satisfactory 
and six found them useless. 

It is pointed out that the lenses were found to be more useful by the younger 
than by the elderly patients. A high standard of reading acuity with the 
lenses is advised before they are prescribed. 


I am indebted to the Consultant Staff of the Birmingham and Midland Eye Hospital for per- 
mission to examine their patients and to Dr. D. R. Campbell for her encouragement and advice 
in the preparation of this paper. My thanks are due also to Mr. B. Macnamara, senior refrac- 
tionist, and to the secretarial staff of the hospital for their assistance. 
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CASE NOTES 


_ ORBITAL ANGIOMA DIAGNOSED BY PHLEBOGRAPHY* 


BY 
H. E. HOBBS, G. pu BOULAY, anp R. E. DAVIS 


From the National Hospitals for Nervous Diseases, Maida Vale, and the Proptosis Clinic, Institute 
of Ophthalmology, London 


AMONG the causes of unilateral proptosis, tumours of the orbital contents 
must be frequently considered and, whilst their nature varies widely and 
published series differ considerably in their estimate of the frequency of 
different types of tumour, there is general agreement among ophthalmic 
surgeons that haemangiomata of various types are responsible for a large 
proportion of them. Thus, Reese (1941) found 25 of a series of 109 orbital 
tumours to be of this type, Forrest (1949) 25 of 184, and Drescher and 
Benedict (1950) seventeen in a total of 177. Duke-Elder (1952) refers to 
them as “‘one of the commoner orbital tumours”’. 

Diagnosis of these tumours has usually rested on the clinical features of 
the orbital and ocular disturbances, assisted in some cases by the presence 
of other vascular abnormalities, commonly cutaneous haemangiomata. 
Such a diagnosis must perforce frequently remain presumptive for a long 
time, and exploration, if advised, is often delayed for various imperative 
reasons until to the initial deformity is added increasing pain and/or visual 
loss, which is commonly permanent. 


Radiography in the Diagnosis of Orbital Tumours 


Radiography has, until recent years, offered only limited help by demon- 
strating enlargement of the orbit or optic foramen or the presence of 
phleboliths, although the introduction of air or radio-opaque dyes into 
the orbital tissues has indicated, by a filling defect, the site of the lesion in 
some cases. Radiographic visualization of the orbital vessels has been 
recognized for some time as a possible further aid to diagnosis, either through 
the demonstration of displacement of these vessels or, more directly, by 
revealing a pooling of dye in the vessels of the tumour itself, thus both 
demonstrating its location and giving valuable information as to its nature. 
Attention was drawn to the potential value of arteriography employed 
in this way by Schurr (1951). Verified results from this method have been 
few, although Grino and Billet (1949) were able to demonstrate abnormal 
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vessels in three tumours which were producing proptosis, two of which—a 
secondary hypernephroma and a meningioma—lay within the orbit. More 
commonly, however, positive results from arteriography have been confined 
to cases in which the abnormality was predominantly arterial, as in the orbital 
aneurysm reported by Huber (1951) and the angio-endothelioma found by 
Réttgen (1950). The commoner cavernous and capillary haemangiomata 
are not reported as having been demonstrated by this method possibly 
because, as is seen at operation, their arterial supply is often so slight. Our 
own experience in this respect illustrates this difficulty for, in three recent 
cases, although excellent delineation of the orbital arteries and filling of the 
choroidal circulation was seen, there was no outline of the arteries of the 


tumour subsequently removed at operation. 

On the other hand opacification of the orbital veins by injection through 
the angular vein—orbital phlebography—appears to offer a more fruitful 
approach in some cases. By it the orbital venous pattern is readily visualized 
and abnormalities may be demonstrated either as displacement of the normal 
vessels or pooling of the dye in the tumour vessels. Haemangiomata which 
are largely of cavernous structure, as would be expected, lend themselves 
well to demonstration in this way, and in the case to be described the tumour 


was of this type. 
Case Report 


The patient was a woman, 20 years of age, in whom proptosis of the right eye had first 
become noticeable at the age of 4 years. Its onset after a cold suggested a rhinological 
origin and, although investigations revealed no positive pathology, sinus disease was 
accepted as its cause, and the condition ceased to attract attention until the patient was 
14 years old, when the eye became slightly more prominent. She was first referred to 
one of us (H.E.H.) 2 years later, when the sole additional fact elicited was that a “‘straw- 
berry mark”’ on the abdomen had been treated with CO, snow in infancy. 


Examination.—The eye was displaced forwards, downwards, and outwards, with some 
swelling of the upper eyelid producing ptosis. A small collection of dilated lymph 
vessels was visible, subconjunctivally, on the temporal side of the globe. No other 
ocular abnormality was present, the retinae being of normal appearance, visual acuity 
excellent (6/5; 6/5), and binocular function unimpaired. No bruit was audible over the 
eye or orbit. Radiography of the orbit was negative, the orbits being of equal size. A 
provisional diagnosis was made of a tumour in the upper, inner quadrant of the orbit, 
probably of congenital origin and possibly a haemangioma; but exploration was not 
urged in view of the believed benignity of the condition. Subsequent observation over 
the next 4 years revealed little change, the proptosis increasing little, although later 
radiographs showed some enlargement of the orbit (Fig. 1, opposite). By this time, 
however, the patient was becoming increasingly dissatisfied with her appearance (Fig. 2, 
opposite), and pressed for further investigation and, if possible, treatment. 

Angiography was, therefore, considered and carotid arteriography was performed. 
The vascular displacement revealed indicated simply a slight downward displacement of 
the globe. A phlebogram via the angular vein, however, revealed a large upper orbital 
vein breaking up into irregular, dilated branches just above the eyeball, and some of these 
branches were seen to run posteriorly into a dilatation in the postero-superior part of the 


orbit (Figs 3 and 4, opposite). 
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Fic. 3.—Phlebogram, antero-posterior pro- 
jection. 
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Fic. 4.—Phlebogram, oblique protectio 
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Operation.—The nature and site of the tumour having been confirmed, its treatment 
was seen to be a neurosurgical problem, and it was removed at operation by Mr. Valentine 
Logue via an approach through the orbital roof between the superior rectus and superior 
oblique muscles. It is noteworthy that the tumour was found at operation to be supplied 
by a single small arterial branch. 


Pathology.—Subsequent histological examination (Dr. W. H. McMenemy) showed the 
tumour to be an haemangioma approximating more to the cavernous than to the capillary 
type (Fig. 5). 









Fic. 5.—Histological appearance of tumour. 


Result.—The result has been excellent, both functionally and cosmetically (Fig. 6),* 
with but slight pulsation of the globe and a transient vertical diplopia which has entirely 
resolved. 





Fic. ‘&— Ben oneatie Sopnicnins, 
Discussion 

The salient feature of this case, and the reason for reporting it here, is the 
fact that the diagnosis, for long a presumptive one, was able to be made 
certain by orbital phlebography. This method of angioradiography would 
appear to have a field of usefulness in such cases as this which has so far been 
little explored in this country, although its value is becoming established on 
the Continent. 








on patient was demonstrated at a meeting of Clinical Section of the Royal Society of Medicine in Ni ’ 
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The technique originally described by Dejean and Boudet (1951) con- 
sisted in laying bare a length of the angular vein through a small incision; 
20 ml. 35 per cent. Diodone solution were then injected through a fine needle 
into the lumen of the vein, and radiographs were taken immediately. In 
their paper and a subsequent one (Boudet, 1954), the authors give a detailed 
description of the radiographic anatomy in lateral and antero-posterior 
views, and mention the limitations of the method in visualizing veins in the 
inferior part of the orbit. They describe one case which appears from their 
illustrations to be similar to that which forms the subject of this paper, and, 
while discussing the investigation of vascular tumours, they point out the 
value of obtaining both an exact pathological diagnosis and an anatomical 
localization where a large varix can be demonstrated; they also suggest that 
the multiplication of opacified veins when these are dilated is a sign in favour 
of a vascular type of tumour. 

Tumours of all sorts may reveal themselves by displacing the normal 
veins—particularly the superior orbital vein whose course is more or less 
constant. Boudet further suggests that some distinction between benign 
and malignant neoplasms may be possible from the radiological appearances. 
Tumours in the upper part of the orbit may not only cause displacement of 
veins, but even benign tumours may also so obstruct the flow that drainage 
is shown to be largely into the facial vein rather than into the cavernous sinus 
or the pterygoid plexus. 

Yasargil (1957) introduced orbital phlebography in Ziirich, and in some 
ways his technique is an improvement on that of Boudet, as he has been able, 
in a proportion of cases, to make his puncture of the angular vein directly 
through the skin, although he still finds it necessary to cut down on those 
veins not visible after jugular compression and dependence of the head. 
He stresses the importance of compression of any alternative pathways 
which the contrast medium might take (over the bridge of the nose and at the 
angle of the jaw), in order to obtain good filling of the orbital veins, and he 
uses only 8 to 10 ml. of contrast material. He also describes and illustrates 
two cases which are similar to ours but add little to Boudet’s anatomical 
and pathological material. 

Our own technique has been a purely percutaneous one, and except in a 
baby, we have not yet been forced to expose the angular vein. The area is 
infiltrated with local anaesthetic if the patient is considered fit to undergo 
the examination without general anaesthesia, and the angular vein is 
punctured blindly when it is invisible.. The needle used is a fine one with a 
short bevel, and is attached to a length of fine polythene tubing. The needle 
and catheter are sufficiently light to remain in place without support, while 
clotting is prevented by the slow perfusion of saline. More than one 
injection (of 3 to 8 ml. of 45 per cent. Hypaque) is thus possible, and adjust- 
ments of position and obliteration of alternative pathways by pressure may 
be made. 
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The development of our own technique has so far been our chief exercise; 
but our findings in cases other than that one described in this paper have 
allowed us to confirm a number of Boudet’s criteria. At the same time, we 
feel that the great variation in normal anatomy from case to case demands 
caution and experience in interpretation of the picture, particularly with 
regard to size of vessels and direction of flow. 

We have also shown that a capillary haemangioma may not be accom- 
panied by recognizable abnormality of the orbital veins; so that a negative 
orbital phlebogram following a normal carotid angiogram should still not 
be taken to exclude the presence of a vascular neoplasm. 


How often the method may be expected to give such a positive result as 
was seen in this case is, of course, uncertain, and probably depends largely 
upon the size of the blood spaces within the tumour and the degree of 
communication which they have established with the general circulation. 
In large series of such tumours, such as that described by Ingalls (1953), the 
mixed capillary/cavernous structure seen in our case is common; and Ingalls’s 
belief that the tumour starts in capillary form, the blood-containing spaces 
later enlarging to cavernous size, would appear reasonable, the lesion being, 
in fact, a form of hamartoma in which during life increased connexion with 
the circulation distends the congenitally formed cavities, as is known to occur 
in the cerebral angiomata. Ata later stage, therefore, such a tumour would 
present as a simple varix with the more direct venous communications which 
readily transmit changes in venous pressure to it, and would result in the 
intermittent increases of exophthalmos with changes of posture or venous 
compression which are characteristic of orbital varices. Such a typical 
picture, whilst it may occur at any age, commonly appears only later in life, 
as Walsh and Dandy (1944) point out in their review of some 111 cases. 
Intermittent increase in the exophthalmos was not a feature of the case 
which we have described, but was produced in a slight degree with extreme 
jugular compression under anaesthesia, a fact which may be accounted for 
by the histological structure of the tumour. Nor was any bruit audible, a 
finding which is constant in the larger series of cases already mentioned. 

It appears likely, therefore, that orbital phlebography offers a means of 
conclusive diagnosis in these cases at a stage earlier than is possible when their 
clinical features form the sole guide to their nature. 


Summary 


A case is described in which the cause of unilateral proptosis in a young 
woman was shown by orbital phlebography to be a vascular tumour, verified 
after removal as a cavernous/capillary haemangioma. The technique of 
phlebography is described, and its likely applications in such tumours is 
discussed. 
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PERITONEAL GRAFT IN EXTREMELY RETRACTED 
CONJUNCTIVAL SAC* 


BY 


SELAHATTIN ERBAKANtT 
Izmir, Turkey 


Various mucosal and skin materials have been used in plastic operations 
on the conjunctiva, and the mucosa of the mouth and lips have been found 
most suitable. Apart from these materials, the Thiersch graft, part of the 
peritoneal membrane, the rectum, the preputium, and the labia minora have 
also been used for small conjunctival defects. 

Sorsby and Symons (1946) found amniotic membrane suitable in the 
reconstruction of large defects. Allen (1953) used autografts from the 
abdominal peritoneum. Malhotra (1957) recommended peritoneum, taken 
from inguinal hernias, as a routine procedure in entropion surgery. Erbakan 
(1958) successfully used a peritoneal graft taken from an inguinal hernia, 
in the case of a large naevus showing signs of malignancy, which was situated 
in the lower fornix and partly involved the bulbar conjunctiva. 

In the following three cases a peritoneal graft was used to enlarge the 
retracted conjunctival sac into which a prosthesis could not be inserted. 


Case Reports 
Case 1, a housewife aged 49, had had the right eye enucleated 30 years ago. She had not 


been able to wear her prosthesis for the last 6 months because of the retracted con- 
junctival sac. She complained of not being able to insert any prosthesis of any size. 
Examination revealed a completely flattened lower fornix and a retracted socket which 
could not retain even the smallest type of prosthesis. 
On July 10, 1958, a plastic operation was performed to enlarge the upper and lower 
fornices, using a peritoneal graft taken from an inguinal hernia. After the operation, 
she was able to wear her prosthesis very well (Figs 1 and 2, opposite). 


Case 2, a tradesman aged 48, had been blind in the right eye since he was 2 years old, 
and the eye had been enucleated when he was aged 16. For more than 4 years he had 
not been able to wear a prosthesis, and 3 months previously (in another city) a plastic 
operation had been done to enlarge the retracted conjunctival sac but without success. 

Examination showed flattened and retracted upper and lower fornices with no room 
for even the smallest prosthesis. 





* Received for publication September 9, 1959. 
+ Assistant Professor in the Department of Ophthalmology, Hospital of the University of Ege and the General 
Hospital of Izmir. 
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Fics 1 and 2.—Case 1, before and after operation to right socket. 


In September, 1958, an operation was done to enlarge the upper and lower fornices, 
using a free peritoneal graft. The patient is now able to wear a relatively large prosthesis 
(Figs 3 and 4). 








Fics 3 and 4.—Case 2, before and after operation to right socket. 


Case 3, a farmer aged 25, had had his left eye enucleated after an injury when he was 
5 years old. He did not wear any prosthesis, and when he was examined in the 
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out-patient department, it was impossible to insert any prosthesis of any size, because of 
an extremely retracted conjunctival sac. 

On February 3, 1959, a plastic operation was performed to enlarge the conjunctival 
sac, using a peritoneal graft. The result is shown in Figs 5 and 6. 





Fics 5 and 6.—Case 3, before and after operation to left socket. 


Technique 

Two horizontal incisions are made, one beginning from the lateral canthus to 
the medial canthus and the second in the middle of the conjunctival sac. The 
first incision is dissected and deepened until it reaches the.lower orbital margin. 
The upper part of the second incision is dissected up to the upper fornix. Thus, 
the upper part of the conjunctiva is left for the reconstruction of the upper fornix. 
The graft, taken from hernia peritoneum, is placed like a pocket in the dissected 
lower area. At the bottom of the pocket three Snellen sutures are inserted. A 
second piece of peritoneal graft is then apposed to the oval defect of the conjunctiva 
which is produced by pushing the upper part of conjunctiva. 

The prosthesis is inserted in the new large sac and a tarsorrhaphy is carried out. 
The whole orbit is left under a pressure bandage for a long time (Figs 7, 8, 9 
and 10). 
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Fic. 9 Fic. 10 
Fics 7, 8, 9, 10.—Stages in the enlargement of the socket by means of a peritoneal graft. 


Conclusion 


A peritoneal graft for the enlargement of a retracted conjunctival sac gives 
very satisfactory results, but there appears to be no reference in the current 
literature and surgical text-books to the use of a peritoneal graft for this 


purpose. 
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SEGMENTAL LESIONS OF THE RETINAL ARTERIES* 
BY 


R. K. BLACH 
London 


Few cases with segmental lesions of the retinal arteries have been described. 
Suganuma (1927) reported a case with retinal perivasculitis, giving the 
pathological findings in an enucleated eye. Kyrieleis (1933) gave the first 
description of periarteritis retinae occurring in uveitis. Muncaster and 
Allen (1939), Thompson (1952), and Griffin and Bodian (1959) described 
five further cases. Another three cases are described below. 


Case Reports 


Case 1, a Jamaican Negress born in 1930, suffers from uveitis. In 1954 she noticed 
episodes of “glaring vision’’ lasting a few minutes in the right eye; 3 years later the 
vision in that eye became hazy, and she was found to have an old thrombosis of the 
right superior temporal vein with patches of old choroiditis at the posterior pole and in 
the upper temporal region. The visual acuity in the right eye was 6/9, and in the left 
eye 6/6. In February, 1959, the visual acuity of the right eye deteriorated further. Her 
general health is good. She had an appendicectomy at the age of 16 years, has had 
three abortions after 3 months of pregnancy for no established reason, and suffers 
indefinite back pain. She is sensitive to eggs, ackee (4 Jamaican fruit), sulphadimidine, 
and para-aminosalicylic acid. Taking the two latter substances caused her to become 
apprehensive and to develop a high intermittent fever, a macular skin rash, and a hazy 
vitreous with deterioration of vision. 


Examination (February, 1959).—Both eyes showed aqueous flare and cells, and there 
was hazy vitreous containing floaters. The right fundus showed marked sheathing of 
the upper temporal vein and a black pigmented spot near the macula. Visual acuity in 
the right eye was 6/36 and in the left 6/9. As the vitreous began to clear, small, dis- 
crete, refractile white dots were seen on the larger arteries of both fundi (Fig. 1, opposite). 


Laboratory Investigations: 

Blood: Haemoglobin 100 per cent.; leucocyte count 4,200 (neutrophils 72 per cent., eosino- 
phils 2 per cent., lymphocytes 22 per cent., monocytes 4 per cent.). 

No lupus erythematosus cells were found, and anaerobic preparations for sickle cells were 


negative. 
Erythrocyte sedimentation rate: 18 mm. in the first hour. 
Urine: Normal. 
X-rays: Sinuses and chest normal. 





* Received for publication September 15, 1959. 
562 








Ae 











SEGMENTAL LESIONS OF THE RETINAL ARTERIES 563 





Fic. 1.—Case 1, left fundus. 


Wassermann reaction, Kahn test, gonococcal complement-fixation test, and brucellosis 
agglutination test: Negative. 

Toxoplasmosis dye test: Positive 1 : 7; complement-fixation test: Negative. 

Mantoux reaction: Positive to 1 : 10,000. 


Therapy.—She was treated on a sanatorium regime for 3 months, and was given 
prednisolone tablets 5 mg. three times daily, potassium chloride tablets 74 gr. once daily, 
hydrocortisone drops 2-hourly, Daraprim tablets 25 mg. once daily, sulphadimidine 
tablets 0-5 g. three times daily, para-aminosalicylic acid tablets 5 g. twice daily, and 
isoniazid tablets 100 mg. twice daily. 

The isoniazid, para-aminosalicylic acid, and sulphadimidine were stopped because of 
her sensitivity to the two latter substances. 

The media have now cleared, and the visual acuity is 6/9 in the right eye and 6/6 in the 
left eye with glasses. The white spots have remained on the retinal arteries. 


Case 2, a Negro from Sierra Leone born in 1915, suffers from uveitis. At the age of 
14 years both his eyes became painful and the vision was blurred. There was recurrent 
inflammation of both eyes until 1950, by which time the right eye had become blind. In 
1958 the visual acuity in the left eye was again reduced. He suffers from pityriasis 
versicolor of the trunk and arms, and also has a chronic swelling of the left ankle and 
some carious teeth. 


Ophthalmological Examination (November, 1958).—The right eye was divergent. There 
was an aqueous flare, and a complicated cataract prevented any view of the vitreous and 
fundus. The ocular tension was soft and the visual acuity was perception of light with 
poor projection. 

In the left eye the cornea showed some keratic precipitates, and there was aqueous 
flare and cells. The lens had some pigment on its anterior capsule but the iris was free. 
The vitreous was hazy and contained large black floaters. White, atrophic lesions with 
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peripheral pigment were present in the fundus. The visual acuity was 6/36. When the 
vitreous had partially cleared, small, white, refractile particles were seen on the posterior 
face of the vitreous, and many of these were arranged along the course of the retinal 
arteries. With further clearing the refractile dots seemed to become a little smaller, 
and those that remained were chiefly on the course of the arteries (Fig. 2). 





Fic. 2.—Case 2, left fundus. 


Special investigations revealed no evidence of tropical disease (onchocerciasis and 
filariasis being especially excluded), no evidence of genital infection, and no general 
evidence of periarteritis nodosa. 


Laboratory Investigations: 

Blood: Haemoglobin 100 per cent.; leucocyte count 1,200 (neutrophils 63 per cent., lympho- 
cytes 34 per cent., monocytes 3 per cent.). 

Erythrocyte sedimentation rate: 4 mm. in the first hour. 

Urine: Normal. : 

Wassermann reaction, Kahn test, gonococcal complement-fixation test, and brucellosis agglu- 


tination tests: Negative. 
Toxoplasmosis dye test: Positive 1 : 60; complement-fixation test: Negative. 


Mantoux reaction: Positive to 1 : 10,000. 
X-rays: Sinuses, hands, feet, and chest normal (apart from some cardiac enlargement which 
was not confirmed clinically). 


Therapy.—He was treated on a sanatorium regime for 5 months and was given pred- 
nisolone tablets 5 mg. three times daily, potassium chloride tablets 74 gr. once daily, 
hydrocortisone drops 2-hrly., Daraprim tablets 25 mg. once daily, sulphadimidine tablets 
0-5 g. three times daily, para-aminosalicylic acid tablets 5 g. three times daily, isoniazid 
tablets 50 mg. three times daily, and atropine drops 1 per cent. to the left eye. 

The media of the left eye cleared and the old choroidal lesions became more clearly 
defined. The visual acuity has improved to 6/12, but the lesions on the retinal arteries 


have remained. 
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Case 3, an Englishman born in 1917, suffers from uveitis. On May 12, 1955, a jet of 
compressed air hit his right eye and 3 days later that eye became painful and its vision 
misty. He stated that he had recently been overworked because of business difficulties. 
He had had a cutaneous patch of lupus erythematosus for 9 years but there had been no 
evidence of systemic involvement. 


Examination —-The right eye showed corneal oedema, keratic precipitates, aqueous 
flare and cells, Koeppe nodules, posterior vitreous haze, a patch of uveitis supero- 
temporally, and discrete white patches on the retinal arteries (Fig. 3). 





Fic. 3.—Case 3, right fundus. 


The left eye was normal. The visual acuity in the right eye was 6/9 ptly and in the 
left 6/5. 

Laboratory Investigations: 

Blood: Haemoglobin 117 per cent.; leucocyte count 7,700 (neutrophils 64 per cent., eosinophils 
1 per cent., lymphocytes 31 per cent., monocytes 4 per cent.). 

Erythrocyte sedimentation rate: 5 mm. in the first hour. 

Urine: Normal. 

Wassermann reaction, Kahn test, gonococcal complement-fixation test, and brucellosis agglu- 
tination tests: Negative. 

Toxoplasmosis dye test: Positive 1 : 22; complement-fixation test: Positive 1: 8. 

Mantoux reaction: Positive 1: 10,000. 

X-rays: Chest normal. 


Therapy.—Cortisone drops and atropine drops. He failed to attend after July 19, 1955. 
No eyes from these cases have become available for pathological examination. 
Discussion 
Suganuma (1927) reported a case of segmental perivasculitis with vitreous 
haemorrhage, retinal haemorrhages and exudates, and retinal separation. 
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He described the pathology of an enucleated eye as typical of tuberculosis. 
The retinal arteries in some areas were pushed forward in the nerve fibre 
layer by perivascular accumulations of epithelioid cells. There was cellular 
infiltration of the arterial walls but the intima was not affected, and a micro- 
photograph of an arterial lesion is compatible with that of granulomatous 
arteritis. Pathologically this eye resembles that of a case of sarcoidosis re- 
ported by Levitt (1941). This case did, however, show clinical differences 
from the other cases with segmental retinal periarteritis chiefly in that it 
presented as a vitreous haemorrhage rather than a uveitis. It is not possible 
therefore to apply the findings in this case—a segmental granulomatous 
arteritis—to the other cases mentioned in this article. 

In certain cases of uveitis fine white dots are seen on the posterior vitreous 
face. They can usually be diagnosed ophthalmoscopically by parallax .in 
relation to the retinal vessels, and often they appear to lie over or on the 
retinal arteries. They have been illustrated and described by. Goldmann 
(1954). In one of his illustrations a deposit appears to lie on a retinal 
artery while the other lesions are on the slightly detached posterior vitreous 
face. Case 2 in the present series showed similar lesions. 

The aetiology of these arterial lesions is a matter for speculation. They 
appear to be related to uveitis in general and to the deposits in the posterior 
vitreous in particular. They outlast the deposits on the posterior vitreous 
face but may disappear when the uveitis has become inactive. It is not 
known whether these lesions are deposits on the arterial wall, consisting of 
cells or some extra-cellular substance, or whether they are inflammatory foci 
of the artery itself. Speculation is likely to be relatively valueless until 
pathological material is available. 


Summary 


Three cases of uveitis showing segmental lesions of the retinal arteries are 
described. The aetiology of these lesions is discussed in the light of these 


and previously reported cases. 


I wish to thank Mr. A. G. Cross for his encouragement and help, Prof. Norman Ashton for his 
advice, and Mr. F. W. Law and Mr. N. H. L. Ridley for permission to publish their cases. 
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MYXOEDEMA WITH ENOPHTHALMOS* 
BY 


R. J. SCHEN 
Internal Department ‘‘C’’, Hadassah Municipal Hospital, Tel-Aviv, Israel 


IN hypothyroidism, the palpebral fissures are generally narrowed, in striking 
contrast to the stare of Graves’s disease. This narrowing of the palpebral 
fissures, which is attributed to the myxoedematous swelling of the eyelids, 
often gives a false impression of enophthalmos. True enophthalmos (i.e. 
backward displacement of the eye in the orbit) may occur in myxoedema 
(Lemoine, 1938), but seems to be very unusual. 

This paper describes a case of spontaneous myxoedema in which marked, 
bilateral enophthalmos was noted. 


Case Report . 


A Jewish woman of European descent, born in Palestine in 1898, was first admitted to 
this hospital in 1955, because of anaemia due to bleeding haemorrhoids. According to 
her relatives, her appearance had begun to change some 10 years previously, and she had 
become lethargic and apathetic. A clinical diagnosis of myxoedema was made. 

She was admitted again in March, 1959, because of a suspected fractured rib, after 
having fallen heavily at home. Her chief complaints were dizziness and general weak- 
ness. She had not been taking thyroid extract for at least a year. 


Examination.—She appeared apathetic and was slow in answering questions. The 
skin was dry and cool to the touch. The voice was deep. The eyelids were puffy, the 
palpebral fissures narrow, and the hairs of the outer part of the eyebrows sparse (Figure). 
The fundi were normal.- The blood pressure was 230/140. The body weight was 72 kg. 





= 


FiGurE.—Typical myxoedematous facies. 





* Received for publication July 28, 1959. 
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Laboratory Investigations.—Glucose: 68 mg. per cent. Urea: 20 mg. per cent. Choles- 
terol: 430 mg. per cent. Carotene: 96 wg. per cent. Vitamin A: traces only. Protein- 
bound Iodine: 28 ug. per cent. Basal Metabolic Rate: -40 percent. 17-Ketosteroids: 
1-7 mg./24 hrs. Erythrocytes: 3,300,000. Leucocytes: 5,000. 


Urine: Normal. 
X-rays: Enlarged cardiac outline and normal sella turcica. 


Electrocardiogram: Fiat T-waves in all leads. 


Therapy.—The patient was given thyroid extract 0-1 g. twice daily. 


Progress.—She became more alert and her face became less puffy. Her body weight 
went down to 67 kg., the serum cholesterol to 270 mg. per cent., and blood pressure to 
170/100. The electrocardiogram showed positive T-waves in Leads I, II, AVL, V2, V4, 


and V5. 
The patient left hospital in good condition. 


Eyes.—After 2 weeks in hospital (i.e. 7 days after starting treatment with thyroid 
extract), attention was drawn to the fact that the patient’s eyes were deeply sunken. 
Exophthalmometry was performed, using the Hertel instrument; the readings for both 
eyes were 4 mm. only, the lowest level in normal eyes being 9 mm. 


Discussion 

According to Zondek (1953), exophthalmos may occur in myxoedema, but 
it is liable to go unnoticed because of the swollen eyelids; the absence of lid- 
retraction also tends to make the exophthalmos less obvious. Galli-Mainini 
(1942), who studied 34 cases of spontaneous myxoedema with the Luedde 
exophthalmometer, found that the eyeballs in 21 patients protruded more 
than normal, taking a reading of more than 17:5 as abnormal. In no case 
was enophthalmos noted. 

Dobyns and Haines (1946), who investigated thirteen cases of myxoedema 
using the Hertel exophthalmometer, found that treatment with thyroid 
hormone tended to cause a slight backward displacement of the eyeball of 
1 to 2-75 mm. This was attributed to loss of fluid from the orbital tissues. 
In none of this series of cases was pathological enophthalmos noted, either 
before or after treatment with thyroid extract. 

In the case described here, the eyes were deeply sunken and the exophthal- 
mometer readings were well below the limits of normal. Bilateral eno- 
phthalmos is known to occur in cachexia and in dehydration, but neither of 
these causes applied here. Treatment with thyroid hormone, as noted above, 
may cause a slight sinking of the eyeball in the orbit; the patient in this case 
had received thyroid extract, but it is most unlikely that this treatment did 
more than to cause a slight increase in the enophthalmos already present. 

The most likely explanation is that the enophthalmos in this case is purely 
incidental. However, it is tempting to suggest the possibility that it may 
have resulted from the patient’s endocrine disorder. 














MYXOEDEMA WITH ENOPHTHALMOS 569 


Summary 
A case of myxoedema with marked bilateral enophthalmos is described. 


I am very grateful to Dr. W. N. Wolff and to Dr. E. Sinai for their advice and criticism. 
I should like to thank Dr. S. Liebling for the exophthalmometric measurements and Mr. N. 
Abramovitch for the photograph. 
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MENINGOCOELE OF THE OPTIC DISC* 


BY 


PETER WRIGHT 
Royal Air Force, London 


THE following case displays a congenital anomaly which, so far as I can 
discover, has not been previously described. 


Case Report 


A fit young man aged 26 was examined on June 13, 1959, to assess his suitability for 
service with the Royal Air Force. He was an experienced pilot with a total of 250 hours 
flying experience in all types of aircraft, including jets. No abnormality had been detected 
in any system at a previous examination. 

Examination.—Visual acuity in the right eye was 6/4 and in the left 6/6, and 6/4 with 
+0-50 D cyl., axis 180°. The ocular movements, ocular muscle balance, and accom- 
modation were normal. The pupils were regular, equal, and reacted normally to light 
and near reflex. The media were clear, and the right fundus normal. 

The left optic disc, however, showed a coloboma in its medial half with a steep nasal 
edge and a shelving pigmented lateral edge which gradually merged into the disc (Figure). 











* Received for publication October 20, 1959, 
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From the depths of this coloboma there appeared a diaphanous hernia, projecting obliquely 
forwards into the vitreous and pulsating synchronously with the carotid arteries. The 
apex of the hernial sac was slightly pigmented, but elsewhere it was quite transparent and 
very thin. The slightest pressure on the globe caused the hernia to collapse and gentle 
compression of the jugular veins in the neck caused a great increase in distension. 


The central visual fields showed a generalized enlargement of the blind spot in the left 
eye, but no other abnormality. The peripheral fields were full. 


General medical and E.N.T. examinations failed to reveal any abnormality. 


Comment 


The swelling projecting from the disc would seem to be an arachnoidal 
hernia in free communication with the intracranial subarachnoid space. In 
view of the extreme thinness of the sac it is of interest that this airman has 
frequently subjected himself to a force of several ““G” during flight with 
no ill-effects. 


I am indebted to the Director-General of Medical Services, Royal Air Force, for permission to 
publish this case. 
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OCULAR COMPLICATIONS IN MOLLUSCUM 
CONTAGIOSUM* 


BY 


S. P. MATHUR 
P.B.M. Group of Hospitals, Bikaner (Rajasthan), India 


MOLLUSCUM contagiosum is a skin condition caused by a large virus. It may 
spread through public swimming baths, infected garments, and contaminated 
cosmetics and fingers, and may involve the face, hands, and genitalia. 
When the lid margin is involved, particularly the upper lid, it induces 
conjunctivitis which is follicular in nature, and is sometimes accompanied 
by keratitis which may simulate trachoma (Sorsby, 1951). Molluscum 
nodules in the bulbar conjunctiva were reported by Ballaban (1903) and 
Redslob (1927), and on the cornea by Quill (1940). 


Case Reports 


Case 1, a male assistant in the Public Health Laboratory aged 22 years, attended the 
hospital with multiple vesicular eruptions, mostly over the left side of the face and eye- 
lids, which had been present for 2 months. There had been no associated pain nor itching. 
but the lesions had gradually increased in number. There was a history of recurrent 
attacks of conjunctivitis, more often in the left eye. 


Examination.—Pale shining nodules the size of a pin- 
head and smaller were scattered over the forehead, scalp, 
left upper and lower lids, and the left side of the face and 
neck (Figure). A similar nodule was present on the 
medial side of the lower palpebral conjunctiva with 
surrounding congestion and oedema. This had been 
giving a foreign body sensation to the patient for the last 
6 days. Central umbilication was visible in a few of the 
skin nodules but nothing could be squeezed out. 

The nodules over the skin and the paipebral conjunctiva 
were excised and sent for section. The former showed 
the typical appearance of molluscum contagiosum, and 
the conjunctival nodule was described as follows: 

The conjunctival epithelium is normai except for slight 
hyperplasia at places. Subepithelial tissue shows marked 
Ficure.—Distribution of nodules capillary dilatation with discretely distributed granuloma for- 
of molluscum contagiosum in ™ation. The granulomatous collections are composed of 
Case 1. Note those over the lid lymphocytes and plasma cells. One of these shows a foreign 
margin and the lower palpebral body giant cell in the centre. There are no epithelioid cells. 
conjunctiva. Slight fibroblastic activity is present. No organism can be 

demonstrated. 

The skin nodules were incised with the tip of a knife to let the cavity fill with blood, and 
touched with carbolic acid. Because of their large number this had to be done in three 
sittings to eradicate all the nodules. 








* Received for publication October 28, 1959. 
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Case 2, a female aged 40 years, complained of recurrent attacks of conjunctivitis in the 
right eye for 4 months. There were follicles in both the upper and lower fornices. 
Superficial corneal vascularization was present, particularly in its upper half. Treatment 
as for trachoma had given temporary relief. Later a pale, shining hard nodule of the 
size of a pin-head was noted in the middle of the upper eye lashes. There was no central 
umbilication and nothing could be squeezed out. The nodule was excised and histological 
studies revealed the presence of molluscum contagiosum. The case was followed for 
5 months during which there were no further attacks of conjunctivitis, but the conjunctival 
follicles and keratitis completely disappeared. 


Cases 3 and 4, two brothers aged 6 and 8 years, developed multiple nodules, which had 
gradually spread over the face, neck, chest, and forearm during the last 6 months. They 
had had recurrent attacks of conjunctivitis for about 3 months. The nodules varied in 
size from a pin-head to a millet seed. They were pale, translucent, and centrally 
umbilicated, and a few of the bigger ones extruded sebaceous material when squeezed. 
The clinical appearance of the conjunctival inflammation was that of follicular 
conjunctivitis. 

The appearance of the skin nodules was so typical of molluscum contagiosum that it 
was considered unnecessary to subject them to biopsy. They were treated by incision 
and carbolizing in several sittings and the condition was completely relieved within 
20 days. Both these patients have been followed up for about 6 months, during which 
the conjunctivitis has not recurred. 


Comment 


The clinical appearance of the conjunctival nodule in Case 1 resembled in 
every respect that of the skin lesions, although the former did not show the 
typical histological appearance of molluscum contagiosum. At the time of 
study the nodule was of only 6 days’ duration and had reached the stage of 
granuloma formation. 

The ocular manifestations in the last three cases resembled those of 


_ trachoma or follicular conjunctivitis, but a complete cure followed the 


treatment of the skin nodules. This point is significant, particularly in 
places where trachoma and follicular conjunctivitis are common. 


Summary 
Four cases of molluscum contagiosum are described. The first had a 
conjunctival nodule in addition to those on the skin, and others had nodules 
over the lid margin and other parts of the skin with recurrent conjunctivitis 
resembling trachoma and follicular conjunctivitis. 


I should like to thank Dr. S. C. Mehta, F.R.C.S. (Eng.), Principal Medical and Health Officer, 
Bikaner, for permission to publish these cases. : 
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UNILATERAL CORECTOPIA* 


BY 


S. P. MATHUR 
Department of Ophthalmology, P.B.M. Group of Hospitals, Bikaner (Rajasthan), India 


CORECTOPIA is usually bilateral and symmetrical, the direction of the dis- 
placement being up and out (Duke-Elder, 1938). Unilateral cases are rare 
(Wilde, 1862; van Duyse, 1895). Ectopia lentis is a usual accompaniment, 
and other anomalies of uveal tissue may co-exist. 

This condition has a hereditary tendency as a recessive characteristic. 
Some of the cases reported have shown evidence of intra-uterine 
inflammation. 


Case Report 
A man aged 30 years came to the hospital complaining of defective vision. 


Examination.—The lids, conjunctiva, and cornea were normal. The lateral half of 
each anterior chamber was comparatively deeper and the iris was tremulous in both the 
eyes. The pupil of the right eye was central, round, 2 mm. in diameter, and reacted 
briskly, while that of the left eye was displaced medially, leaving about 1 mm. of iris at 
the root, elliptical in shape—2 mm. vertically and 3 mm. horizontally (Figure). Reactions 
to light were brisk except from the medial side, which was fixed by three greyish bands 
extending from the pupillary margin to the root of the iris and angle of the anterior chamber. 

The visual acuity was 6/24 in the right eye and 2/60 in the left. 








FiGurE.—Position of pupil in each eye. Dotted line shows position of lens. 


Retinoscopy showed that the right eye was —0-75 D vertical, - 3-5 D horizontal, with 
axes slightly oblique. The left eye could not be examined as the edge of the lens bisected 
the pupil, and the zonule was visible through the aphakic portion. The media were clear 
and the fundi normal. 





* Received for publication October 28, 1959. 
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The visual acuity in the right eye could be improved to 6/6-2 (with -1-75 D sph., 
-2°5 Dcyl., axis 110°). The left eye could not be improved. 
The family history was negative. 


Discussion 
The interesting features in this case are the medial displacement of the 
pupil in the left eye only and its elliptical shape, the medial margin being 
fixed by remnants of the pupillary membrane, and the bilateral subluxation 
of the lens on the lateral side giving rise to irregularity in the depth of 


anterior chamber, tremulousness of the iris, and astigmatism. The hereditary 
factor could not be ascertained. 


Summary 
A case is described of congenital unilateral medial displacement of the 
pupil with remnants of the pupillary membrane and bilateral subluxation of 
the lens on the lateral side only. 


I should like to thank Dr. S. C. Mehta, F.R.C.S. (Eng.), Principal Medical and Health Officer, 
Bikaner, for permission to publish this case. 
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CORRESPONDENCE 
OPHTHALMOLOGICAL COMPLICATIONS OF FAVISM 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs,—I read with interest the article of Choremis, Joannides, and Kyriakides on “Severe 
Ophthalmological Complications following Favism”’ (Brit. J. Ophthal. (1960) 44, 353). 

Since the authors state that “‘such complications were encountered for the first time and 
no information was found in the literature’’, I should like to refer your readers to a case 
published by my co-worker, Dr. G. Pasca, in 1945. 

The patient, a farmer aged 55, from Sassari, Sardinia, after a meal of broad beans, entered 
a broad-bean field and suddenly developed general malaise with weakness and dizziness. 
During the night his temperature rose and he passed blood-stained urine. Jaundice also 
developed, and marked anaemia (1,750,000 erythrocytes) was found. 

Three days later he was suddenly smitten with almost complete blindness. Fundus 
examination showed constricted arteries, slight enlargement of the véins, and a few 
haemorrhages scattered on the retina. The optic disc and.adjacent portion of the retina 
were highly oedematous. The ocular tension was low: right eye 9 mm. Hg; left eye 8 
mm. Hg (SchiGtz). Three weeks later complete optic atrophy was evident, and the visual 
acuity was reduced to perception of light. 

The explanation given for the ophthalmological complication was similar to that pro- 
posed for amaurosis following blood loss, possibly with the co-existence of toxic factors. 

This case, which is closely similar to the second case of Choremis and others (1960), 
has perhaps escaped the notice of most ophthalmologists in other countries, through having 
been published so soon after the war. 

Yours faithfully, 
G. B. BIETTI. 
CLINICA OCULISTICA, 
UNIVERSITA DI ROMA, 
ITALY. 
July 16, 1960. 
REFERENCES 
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NOTES 


NATIONAL COUNCIL TO COMBAT BLINDNESS 


The National Council to Combat Blindness, Inc., was founded in 1946 with the primary 
purpose of financing research in ophthalmology and related sciences. The objective of its 
programme is the ultimate reduction of blinding eye diseases and ocular disorders, through 
increased basic and clinical research in the field of scientific investigation. 

The Council announces that completed applications for full-time research fellowships, 
grants-in-aid, and summer student fellowships for the 1961-62 period, must be sent in by 
March 1, 1961, and that the appropriate forms may be obtained from the Secretary, 
National Council to Combat Blindness, Inc., 41 West 57th Street, New York 19, N.Y. 
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COMMUNICATIONS 
STRABISMIC AMBLYOPIA* 


BY 


PELLEGRINO MATTEUCCI 
Institute of Ophthalmology, University of Sassari, Italy 


NOTWITHSTANDING the vast literature, a complete and satisfactory definition 
of the clinical picture of amblyopia in strabismus has not yet been produced, 
and some symptoms are often confused with those of other forms of func- 
tional amblyopia. Bangerter (1953) and many other authors embrace in 
the term “amblyopia ex anopsia” the amblyopia observed in anisometropia, 
in high ametropia, and in nystagmus, as well as the true strabismic ambly- 
opia. There are, however, certain clinical symptoms which seem to be 
characteristic of strabismic amblyopia, and the treatment of these symptoms 
by pleoptics appears to be fundamental for the recovery of the visual acuity 
in the amblyopic eye and, following this, for the final cure of the squint. 

In persons affected by concomitant squint, particularly in its convergent 
form, the amblyopia is not limited to the functional reduction of the vision 
of one eye, but is accompanied by other symptoms which are no less im- 
portant in prognosis and in choice of therapy. Apart from the deficiency 
in the perception of shape (the morphoscopic acuity of vom Hofe, 1930), the 
existence of which needs further confirmation, the phenomena which have 
recently attracted attention are the deficiency of fixation in the amblyopic 
eye, and the so-called difficulty of separation. 

To these symptoms must be added the lack of motor coordination ob- 
served in amblyopic persons when they try to localize a point in space by 
following the lead of the amblyopic eye. This disturbance has been pointed 
out by a few authors, but has not yet been studied sufficiently, although 
some of the pleoptic exercises described by Bangerter seem to be based on 
the re-education of the motor coordination. The most important dis- 
coveries regarding fixation deficiency are of very recent date, and it is now 
generally agreed that eccentric fixation may occur in strabismic amblyopia, 
as suggested by von Graefe in 1881. Apart from those cases with a fixed 
and constant eccentric fixation, there are many others in which the fixation 
is unstable (Ehrich, 1955, 1956, 1958; Brook and Givner, 1952; Urist, 1955; 
Lazich, 1948); moreover recent researches in electro-oculography (Macken- 
sen, 1957; von Noorden and Burian, 1958) have demonstrated the instability 
of fixation in amblyopic eyes. 

Béhme (1957) and Pouliquen (1958) describe motor disturbances in 
amblyopia leading to a difficulty in fixation in abduction and to differences 





* Received for publication September 7, 1959. 
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between the visual acuity in adduction and abduction. This phenomenon 


was described earlier by Pugh (1954). 
We have studied this aspect of the question because of the great import- 


ance of fixation in the prognosis and therapy of this condition. By means 
of electro-oculography we have observed fixation by amblyopic and aniso- 
metropic non-squinting eyes as well as that by amblyopic squinting eyes, in 
order to compare amblyopia of an exclusively sensory character with that in 
which eccentric fixation seems to be due to motor disturbance. The results 
do not permit a hard and fast differentiation between the two forms of 
amblyopia, but confirm the suggestion that in concomitant squint fixation 
in the amblyopic eye is unstable. 


Fig. 1 shows four illustrative oculograms: 
(a) Amblyopia without strabismus, 
(6) Strabismic amblyopia, 
(c) Eccentric fixation, 
(d) Central fixation. 


(a) 





(b) 


(c) 





(d) 





Fic. 1.—Four oculograms from patients with various types of abnormality. 


(a) Amblyopia without strabismus. (c) Eccentric fixation. 
(b) Amblyopia with strabismus. (d) Central fixation. 
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The technique of recording is that described by Pasino (1959), Pasino and 
Cordella (1959), and Pasino, Pagni, Pisano, and Cordella (1959). 

The observation that fixation may vary according to the direction of the 
gaze and after surgical intervention is a sufficiently strong reason for us to 
revise some of the usual theoretical assumptions regarding the purely sen- 
sory character of amblyopia. As in strabismus, there is a deficiency in the 
binocular sensory-motor coordination, that is to say, a deficiency of binocu- 
lar vision as well as of fusion. A defect of the retino-cortical relations may 
ultimately result in abnormal retinal correspondence as it does in strabis- 
mic amblyopia. This unstable fixation may develop into a permanent 
eccentric fixation which may be termed “‘abnormal fixation” (Fig. 2). 
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Fic. 2,—Sensory and motor coordination in uniocular vision. 
(A) Normal. F-P. Normal projection. 
(8) Amblyopia with unstable fixation. 
‘-P’ Doubtful projection. 
(C) Amblyopia with eccentric fixation. 
—P” Anomalous projection. 
c nel cortex. 


r retina. : : ; 
x diagram of retino-cortical relations. 


Fixation deficiency is important clinically because any improvement in 
visual acuity which may be brought about by pleoptic treatment depends 
upon the attainment of central fixation. 








580 PELLEGRINO MATTEUCCI 


It is now generally recognized that difficulty of separation is a frequent 
symptom in cases of functional amblyopia. The angular visual acuity in 
the amblyopic eye (examined by separate distinct symbols) is usually better 
than the cortical visual acuity. 

Fig. 3 shows the average values for angular and cortical visual acuity in 
a certain number of patients with strabismic amblyopia. The difficulty of 
separation was scarcely distinguishable at the beginning of the pleoptic 
treatment, but it later increased so rapidly that after twenty sessions of 
pleoptic treatment the separate or angular visual acuity was nearly normal 
while the cortical (morphoscopic) visual acuity did not reach 7/10. This 
phenomenon, which was described by Ehrich (1956) and also by Thomas and 
Gabenisch (1958), cannot easily be explained. Further observations are 
being undertaken with the object of establishing whether this deficiency of 
separation is present also in cases of non-strabismic functional amblyopia. 


——([Angular] Isolated Letters [E tests ] 
Visual Acuity 


10/10 5 
9/10; 
8/10-+ 
7/1\0- 
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5/10- 
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Fic. 3.—Improvement in angular and cortical visual acuity during twenty 
treatment pleoptic sessions (average of several patients). 





From a therapeutic point of view this symptom requires early and pro- 
longed treatment because only when the deficiency of separation is overcome 
will correction of the amblyopia be possible. 

Persons affected by strabismus may also show symptoms of motor in- 
coordination in other parts of the body. Disturbances of localizatior and 
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failure in projection have been observed by Starkiewicz (1954) in patients 
with strabismus with abnormal retinal correspondence, and also by Lazich 
(1948) and Guibor (1953) in patients with strabismic amblyopia with eccentric 
fixation. 

We have found varying symptoms of disturbance of the basic eye-hand 
coordination during uniocular vision in amblyopic patients with definite 
eccentric fixation and also in other patients with apparent central fixation. 

Fig. 4 illustrates disturbances in localization which were seen in twenty 
patients with strabismic amblyopia in the course of pleoptic treatment. In 
all cases the in-coordination was reduced and in some it completely dis- 
appeared. Changes in eye-hand coordination did not always parallel those 
in visual acuity, and it was noted that difficulty in separation and unstable 
fixation may persist even when the visual acuity of the amblyopic eye has 
been brought up to normal. 
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Fic. 4—Development of normal coordination in twenty patients during sixteen pleoptic treatment 
sessions. 


The problem that remains is whether the clinical picture of strabismic 
amblyopia is caused by inhibitory sensory phenomena or by motor dis- 
turbances. 

Our own conclusions, based on recent publications and on the results of 
our @wn research and clinical observations, is that strabismic amblyopia 
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represents a genuine syndrome of sensory-motor in-coordination, and thus 
differs from other forms of functional amblyopia. The sensory disturb- 
ance represented by deficiency of binocular vision, deficiency of visual 
acuity, and difficulty of separation, is closely related to the motor disturb- 
ance represented by strabismic deviation, deficiency of fixation, and motor 
in-coordination involving other parts of the body. 

The strabismic subject, by reason of the ocular deviation and the defici- 
ency of binocular vision, fails to fuse the images because of an alteration in 
the retino-cortical relations and also because of a secondary uniocular 
sensory-motor in-coordination. He is unable to use the fovea of the 
amblyopic eye because he cannot coordinate the movements of the eye 
in such a way as to make the point of fixation correspond with the retinal 
zone of greatest resolving power. On the other hand, in patients suffering 
from non-strabismic amblyopia, the uniocular fixation is central, and 
because there is no sensory-motor in-coordination the power of localization 
is unaffected. 


Summary 


The clinical picture of strabismic amblyopia is described, and is inter- 
preted as a syndrome of sensory-motor in-coordination. 

Apart from the ocular deviation, the symptoms include deficiency of fixa- 
tion and motor in-coordination of spatial orientation; this may be the direct 
cause of a low degree of visual acuity and of a lack of binocular vision, as 
well as of a deficiency of separation. 
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RETINAL VEIN OCCLUSION AND GLAUCOMA* 
TONOGRAPHIC STUDY OF THE INCIDENCE OF GLAUCOMA 
AND OF ITS PROGNOSTIC SIGNIFICANCE 
BY 
SALME VANNAS anp AHTI TARKKANEN 
From the Eye Hospital of the University of Helsinki, Finland 


PRESENT thinking about the relations between central retinal vein occlusion 
and glaucoma derives mainly from the pioneer work of Verhoeff (1913), 
Salzmann (1933), and Duke-Elder (1940, 1957, 1959). Since their papers on 
this subject many reports have been added to the literature. Recently, 
Landolt (1958) has published his work on histology and Dobree (1957) 
clinical studies on the incidence of central retinal vein occlusion in glaucoma 
patients. 

The incidence of glaucoma has been studied at this hospital in a series of 
patients with retinal vein occlusion. Both central vein and branch occlusions 
were included, and since most of these subjects have been treated as in- 
patients at our hospital, the prognosis of the glaucoma also entered into the 
question. To the best of our knowledge, no similar studies employing 
tonography have been published. 


Material 

Between 1949 and 1959, 186 patients were treated for retinal vein occlusion at the 
Helsinki University Eye Hospital. When they were admitted to the ward for occlusion 
treatment the routine glaucoma investigation consisted of measuring the ocular tension 
with an ordinary Schidtz X-tonometer, ophthalmoscopy, and plotting of the visual fields 
with the Goldmann perimeter. If glaucoma was suspected, round the clock ocular 
tension curves were obtained and gonioscopy and the appropriate provocative tests were 
performed. No tonography was done at that time, since it is only recently that this 
procedure has become available to us. The data on these patients before this study 
was started are shown in Table I. 


TABLE I 


PREVIOUS DIAGNOSIS OF GLAUCOMA IN 186 CASES OF RETINAL VEIN 
OCCLUSION WITHOUT USE OF TONOGRAPHY 














Occlusion <4 <4 srt “ feet ai Se Central Vein Main Branch 
Haemorrhagic Glaucoma in Thrombotic Eye oF ae 11 -= 
Simple ee 24 y 4 
Closed-Angle . . we 2 2 
Glaucoma diagnosed in Fellow Mba eons Angle : : 
Eye ? None 17 5 
None se af oe 46 71 
Total 2 o3 100 86 














* Received for publication October 23, 1959. 
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The rather low incidence of glaucoma is conspicuous; only 28 cases were diagnosed 
out of 186. When the present study was planned a request to attend for a follow-up exam- 
ination was sent to every patient. It was found that 33 patients had died, and 24 could 
not be traced, but a total of 129 patients reported for examination; 71 had had an occlus- 
ion of the central retinal vein and 58 a branch occlusion. 


Procedure 

Tonography was carried out with a Mueller electronic tonometer later linked to 
a Leeds and Northrup Speedomax Type G recorder. A daily calibration was 
obtained with a Tonometer Micro-Gauge. Considerable attention was paid to the 
tonographic technique. All the tracings were done by one of us (A.T.), and the 
patient was allowed time to relax thoroughly before the procedure was started. 
The tonometer was applied to the cornea with as little disturbance to the patient 
as possible. Scale readings below 4 were not accepted; if a reading of 4 or less was 
obtained with a given weight, a change to the next higher weight was always made 
(Moses, 1959). Estimates for intra-ocular pressure and outflow facility were 
obtained from the 1955 Friedenwald calibration tables. Gonioscopy was performed 
with a Goldmann gonio-lens, while the patient sat at the Haag-Streit slit lamp. 

Impairment of aqueous outflow with the presence of open angles was interpreted 
as suggestive of simple glaucoma. The water-drinking test and the ratio of intra- 
ocular pressure to outflow facility were used (Becker and Christensen, 1956) in 


evaluating these cases. 
If the angles were found to be narrow and there were records of previous acute 


attacks, closed-angle glaucoma was diagnosed. Otherwise, provocative tests were 
carried out to test the angle-closure mechanism, using the dark-room test (Foulds, 
1957) and the mydriatic test (Becker and Thompson, 1958). A 50 per cent. de- 
crease of outflow in the former or a 25 per cent. decrease in the latter was regarded 
as a significant change. 


Results 
I. Incidence of Glaucoma (Table II, opposite) 


(A) SIMPLE GLAUCOMA 

(1) Central Retinal Vein Occlusion.—28 patients in this group had simple 
glaucoma in both eyes, and two more patients very probably had the same 
diagnosis, an incidence of 42 per cent. When the occlusion developed, there 
was a general trend in these eyes towards lower tensions, some being 5 mm. 
Hg or more lower than the fellow eyes. This phenomenon, which was 
attributed to hyposecretion, sometimes made it difficult to find the right 
diagnosis. However, within a few weeks, simple glaucoma was manifest as 
regards tension also. In seven cases haemorrhagic glaucoma had developed 
later in the eye which had suffered central vein occlusion, and four of the 
glaucomatous fellow eyes had gone blind from glaucoma. It would seem 
reasonable to suppose that the occlusion would develop in the eyes which 
gave lower outflow values, but no correlation between occlusion and outflow 
was observed. In many instances, on the contrary, it was the fellow eye 
that showed a lower outflow value and was more damaged by glaucoma. 
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TABLE II 


RESULTS OF TONOGRAPHY COMBINED WITH SUITABLE PROVOCATIVE TESTS IN 
THE DIAGNOSIS AND CLASSIFICATION OF GLAUCOMA IN CASES OF 
RETINAL VEIN OCCLUSION 























Occlusion si <s pss ne Central Vein Main Branch 

Eye be ee ae aes .. | Thrombotic Fellow Thrombotic Fellow 
Simple... me 20 26 6 6 

Type of Closed-Angle 4 4 1 1 

Glaucoma | Mixed—Simple and Closed- 

Diagnosed Angle . 2 2 — — 
Probable Simple . va 1 2 — — 
Haemorrhagic .. #3 9 _ _ — 
Total with Glaucoma .. 36 34 7 7 

No Glaucoma a Ke ae 35 37 51 51 
Total .% 3, ag ee 71 71 58 58 

















(2) Branch Occlusion.—Simple glaucoma in both eyes was found in six 
patients out of 58, an incidence of 10 per cent. None of these eyes had 
developed haemorrhagic glaucoma. 


(B) CLOSED-ANGLE GLAUCOMA 


(1) Central Retinal Vein Occlusion.—Four cases were diagnosed, and 
two patients had the mixed variety of simple and closed-angle glaucoma. 
In three cases the occlusion was discovered at the time of an acute attack and 
these patients therefore presented diagnostic difficulties when it came to ex- 
cluding haemorrhagic glaucoma. An acute rise in intra-ocular pressure was 
found to be one of the factors probably contributing to the vein occlusion 
(Posner, 1958). 


(2) Branch Occlusion.—One case. 


(C) HAEMORRHAGIC GLAUCOMA.—This had developed in eleven eyes, 
nine of which were seen at the follow-up examination, and two of which were 
diagnosed previously. 

These were blind eyes with very flat tracings in tonography. Nine of the 
fellow eyes had simple glaucoma. This incidence of 82 per cent. simple 
glaucoma is impressive, not only from the theoretical point of view but also 
clinically since these were the only seeing eyes for this group of patients. 
Early diagnosis and control of the glaucoma would not only preserve the 
vision but would probably have a prophylactic value in saving these eyes from 
vein occlusion. In two of the fellow eyes repeated provocative water-drinking 
and mydriatic tests had failed to reveal any evidence of glaucoma. 
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II. Prognostic Significance of Glaucoma in Central Vein Occlusion 

VisION.—This part of our study was confined to the cases with central vein 
occlusion, which were divided into five groups according to the visual acuity: 

I. 1:3 to 0-6, 
IT. 0-5-0-1, 
IIT. c. 15 ft-c. 3 ft, good peripheral field 
IV. c. 15 ft-c. 3 ft, peripheral field absent 
V. Haemorrhagic glaucoma. 

The results are seen in Table III and in the Figure (opposite). Groups I 
and II made up 70 per cent. of the glaucoma-free series, and only 41 per cent. 
of the glaucoma series. Furthermore, only two eyes in the glaucoma-free series 
developed haemorrhagic glaucoma, compared with seven eyes in the glaucoma 
series. These findings indicate that the combination of central retinal vein 
occlusion and glaucoma suggests not only a poorer end-result but also that 
such eyes are in greater danger of developing intractable haemorrhagic 
glaucoma. 

TABLE III 


VISUAL RESULTS OF CENTRAL RETINAL VEIN OCCLUSION IN PATIENTS 
WITH AND WITHOUT PRIMARY GLAUCOMA 














Grade of Vision 
Primary Glaucoma Total Cases 
I II Ill IV Vv 
Absent 15 11 9 — 2 37 
Present 4 10 6 7 7 34 























AGeE.—The average age in the glaucoma series was 66-2 yrs (range 42 to 
85), and in the glaucoma-free series 53-6 yrs (range 30 to 88). Table IV 
(overleaf) indicates that the end-results are fairly similar in both series for 
patients under 65 years of age. Above the age of 65, 76 per cent. (19 out of 
25) had both central retinal vein occlusion and glaucoma, indicating that the 
poor end-result in the older age groups can be attributed to glaucoma rather 
than to old age per se. Moreover, it is conceivable that the presence of glau- 
coma would explain the poor recovery and slow resorption in these eyes. 
This contradicts the common belief that old age in itself means a poor 
prognosis in retinal vein occlusion. 


TREATMENT.— The usual long-term therapeutic regime, mainly with heparin, 
employed for most of our patients has been thoroughly reviewed previously 
(Vannas and Orma, 1957). The cases not treated with anticoagulants were 
seen for consultation in the medical department in any event. Table V (over- 
leaf) shows that the visual outcome was better in the treated group and that 
the eyes showing no evidence of glaucoma in this group had a much better 


prognosis. 
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FiGurE.—Prognosis in cases of central retinal vein occlusion with and without primary 
glaucoma. 


Discussion 

The most striking finding in our series is the 42 per cent. incidence of 
simple glaucoma in those with central retinal vein occlusion. Furthermore, 
taking the age group above 65 years, three out of four patients had simple 
glaucoma in addition to the venous occlusion. Although in many cases the 
glaucoma was diagnosed afterwards, the poor aqueous outflow in both eyes 
indicated that the impairment of outflow had been going on for years before 
the occlusion occurred. To the best of our knowledge, no similar findings 
have been published. Becker and Post (1951) found a 23 per cent. incidence 
of simple glaucoma in a series of 44 patients with central retinal vein occlu- 
sion, but their report was made before the introduction of tonography. 
The 10 per cent. incidence of simple glaucoma in those with branch occlusion 
is similar to that usually found in patients of the same age with the same 
methods. 
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TABLE IV 


CORRELATION OF AGE AND PROGNOSIS IN CASES OF CENTRAL 
RETINAL VEIN OCCLUSION 












































Primary Age Group Grade of Vision Total 
Glaucoma (yrs) Cases 
; I II Ill IV Vv 

31-50 7 4 2 2 15 

51-65 6 of 3 16 

Absent 66-88 2 4 6 

Total 15 11 9 2 37 

31-50 1 1 2 4 

51-65 2 5 1 2 1 11 

Present 66-88 1 4 5 3 6 19 

Total | 4 10 6 7 7 34 

TABLE V 


VISUAL RESULTS OF CENTRAL RETINAL VEIN OCCLUSION IN PATIENTS WITH 
AND WITHOUT GLAUCOMA, BY THERAPY GIVEN 




















Primary | Grade of Vision Total 
Therapy Glaucoma Cases 
| I Il Il IV Vv 
Absent 18 11 5 1 35 
Anticoagulant Present 4 10 4 5 4 27 
and Antisclerotic 
Total | 62 
Se Absent | 2 3 8 1 14 
Medical without Present | 2 3 5 5 15 
Anticoagulants 
Total 29 























Moore (1924) described two cases of haemorrhagic glaucoma following 
occlusion of the central retinal vein, in which the fellow eye had simple 
glaucoma. Similar findings have been reported by Gradle (1937), Sugar 
(1942), and Wessely (1947). The high incidence of simple glaucoma in fellow 
eyes has been emphasized by Becker (1957), Higgitt (1957), and Leydhecker 
(1956). Our findings of 82 per cent. simple glaucoma in the fellow eye agree 
with theirs. From the clinical standpoint it should be borne in mind that, 
when these patients consult an ophthalmologist because of the redness and 
severe pain often encountered in eyes with haemorrhagic glaucoma, it is 
necessary, besides making a thorough examination of other aetiological 
factors usually present, to make complete tests for glaucoma in the fellow 
eye, while the therapeutic pain-relieving measures are directed toward the 
affected eye. The importance of such investigations and treatment for these 
practically one-eyed persons cannot be over-emphasized. Further studies 
by one of us on the aetiology of haemorrhagic glaucoma are to be published 
elsewhere (Vannas, 1960). 
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An acute rise in pressure in an eye with retinal vein occlusion is very easily 
described as “‘secondary to occlusion”. Our five cases of primary closed- 
angle glaucoma prove that this is not always true. In addition, since the 
therapeutic approach to this type of glaucoma is different (Duke-Elder, 
1957, 1959), glaucoma should always be looked for if the angles are narrow, 
or particularly, if puzzling rises in pressure occur. 


Summary and Conclusions 


(1) A 42 per cent. incidence of simple glaucoma was found in a series of 
71 patients with central retinal vein occlusion. Of those above 65 years of 
age, three patients out of four had simple glaucoma in both eyes in addition 
to the venous occlusion. 

(2) Simple glaucoma was seen in 58 cases of branch occlusion (10 per 


cent.). 

(3) Five cases of primary closed-angle glaucoma were diagnosed. 

(4) Among the eleven patients with unilateral haemorrhagic glaucoma 
nine had simple glaucoma in the opposite eye. _ 

(5) The patients with central retinal vein occlusion treated with our long- 
term anticoagulant therapy had a better visual outcome than the untreated 
patients, and those with no evidence of glaucoma had a more favourable 
general prognosis. 

(6) Discovery of central vein occlusion or unilateral haemorrhagic glau- 
coma calls for exhaustive examination for primary glaucoma. This is most 
accurately done by the use of tonography in association with gonioscopy and 
the appropriate provocative tests. The established cases of glaucoma should 
be carefully treated and here again tonography offers a useful method of 


testing the adequacy of therapy. 
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ABIOTROPHIC OPHTHALMOPLEGIA EXTERNA* 


BY 


SIDNEY I. DAVIDSON t¢ 
Midland Centre for Neurosurgery, Smethwick, Birmingham 


DysTROPHIC NATURE OF PROGRESSIVE EXTERNAL OPHTHALMOPLEGIA 


Tue various names given to the condition of ptosis and progressive 
ophthalmoplegia first described by von Graefe (1868), reflect views regarding 
the undecided aetiology of this condition, e.g. chronic progressive nuclear 
ophthalmoplegia, ocular myopathy, progressive muscular dystrophy involv- 
ing the extra-ocular muscles, etc. Mébius (1900) had named the condition 
“progressive nuclear ophthalmoplegia”, as he believed there was an absence 
of the nuclei of the ocular nerves, but Fuchs (1890), 10 years earlier, basing 
his opinion on biopsy material, had propounded a myopathic cause, as did 
Gourfein (1896). Langdon and Cadwalader (1928) and Jedlowski (1943) 
thought that the condition was due to degeneration of the nuclei, and 
McMullen and Hine (1921) suggested defective nuclear development. 
Trauma (Senita and Fisher, 1958) and autonomic dysfunction (Sunaga, 1927) 
have also been put forward. In recent years, however, several cases have 
been reported where biopsy material from the extra-ocular muscles has 
indicated that the condition is a myopathy (Sandifer, 1946; Beckett and 
Netsky, 1953; Schwarz and Liu, 1954; Kirschbaum and Holland, 1958) and 
most recently, on the basis of simultaneous biopsies from the extra-ocular 
and skeletal muscles, it has been suggested that the myopathy in the ocular 
muscles is a local manifestation of a generalized muscular dystrophy (Gartner 
and Billet, 1949; Kiloh and Nevin, 1951; McAuley, 1956; Nicolaissen and 
Brodal, 1959). Mention might be made at this point of a case reported by 
Elliot (1939) of generalized muscular wasting associated with ptosis and 
external ophthalmoplegia. Elliot considered this to be a myopathy though 
biopsy evidence was lacking. In general, the hereditary features of dystro- 
phic ophthalmoplegia are weak and uncertain (Adams, Denny-Brown, and 
Pearson, 1953). 

Holmes (1956) suggested that the pathology of this interesting condition 
might be elucidated by electromyography of the affected muscles, and recent 
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electromyographic studies (Breinin, 1957; Esslen, Mertens, and Papst, 1958; 
Papst, Esslen, and Mertens, 1958) have strengthened the evidence indicating 
that the disease is a myopathy. Fig. 1 is an electromyogram obtained from the 
levator palpebrae superioris of a patient suffering from muscular dystrophy 
affecting the lower limbs. The extra-ocular muscles were normal on clinical 
examination. The potentials are of normal amplitude but their duration is 
abnormally short. Such a solitary observation must always be interpreted 
cautiously but appears to support the view that the extra-ocular muscles are 
involved in muscular dystrophy. 


Am tb nln NA" AW AAW GW ne 


Fic. AP grange of — palpebrae 
NAAN ot atl alae Ny superioris on upward gaze. ie sine-wave 

Y ebb § = renresents time and voltage, the wave length 
being equivalent to 10 m.sec. and the ampli- 


tude 100 pv. 
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ASSOCIATION OF EXTERNAL OPHTHALMOPLEGIA WITH RETINITIS 
PIGMENTOSA 


Ptosis and external ophthalmoplegia are rarely associated with retinitis 
pigmentosa, and in fact only 18 cases have been described in the literature. 
This syndrome was first described by Barnard and Scholz (1944) who 
reported four cases. However, as they themselves remarked, it was not at 
all certain whether other factors were not responsible in their cases for the 
external ophthalmoplegia. Their first patient had had a thyroidectomy, 
after which proptosis of one eye had been observed and 3 years later there was 
“partial limitation of all movement of the right eye and limitation of down- 
ward movement of the left eye”. No exophthalmos was noted, but the 
palpebral fissures were “‘abnormally wide and there was lid-lag”. The 
second and third of their patients had syphilis when first observed, and later 
developed various neurological abnormalities. Their fourth patient was 
microcephalic, with bilateral nerve deafness, palatal palsy, and cerebellar 
ataxia. It would seem that the external ophthalmoplegia in three of these 
cases could be attributed to thyroid disorder and syphilis, and these should 
accordingly be excluded from reported cases of the syndrome. The fourth 
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case, microcephalic and showing various associated neurological abnor- 
malities, should be regarded with suspicion. 

Walsh (1957) described six cases of the syndrome, but the six include the 
fourth case (Case 269) reported by Barnard and Scholz (1944) and one 
(Case 267) reported by Ford (1952); as mentioned by Walsh himself, a third 
(Case 270) probably did not belong to the syndrome. Three cases have been 
reported by Chamlin and Billet (1950), one by Erdbrink (1957) in which there 
was a family history of ptosis, one by Alfano and Berger (1957) with an 
associated spastic quadriparesis, and two by Kearns and Sayre (1958) who 
confirmed the myopathic nature of the lesion by post-mortem examination. 
Thus the number of cases in the literature, in which the clinical-authenticity 
is undoubted, is only eleven. 

Excluding the doubtful cases mentioned previously, the features which 
appear to be most common in the syndrome are shown in the Table (opposite). 
The majority of cases have been reported in females (eight females as opposed 
to three males) with the onset of ptosis between “early childhood” and age 
13, and that of external ophthalmoplegia between the ages of 12 and 27. 
(Erdbrink’s case is not included, since the ptosis was hereditary and had 
been present since birth; also one of Walsh’s cases is omitted as she had 
never had ptosis.) When recorded, the pupillary reactions were normal, 
with the exception of one case described by Chamlin and Billet (1950) where 
it was thought the child had had a retrobulbar neuritis, and that reported 
by Alfano and Berger (1957) where there was no perception of light. The 
visual fields were normal in four cases, not tested in one, showed peripheral 
contraction in two cases, marked enlargement of the blind spot in one, and 
the characteristic scotoma of retinitis pigmentosa in one. In the child who 
supposedly had a retrobulbar neuritis, the visual field of the left eye was 
normal whilst that of the affected eye showed a dense central scotoma with 
peripheral depression. In general, the pigmentary disturbance of the retina 
occurred throughout the fundus but was most marked in the periphery. 
In three cases the vessels were attenuated and only in one was there 
questionable pallor of the disc. It is interesting to note that the only patient 
showing pallor of the disc was also the only one in which the pigment was 
of the characteristic bone corpuscle type. 

Summarizing the above review of previously reported cases, the syndrome 
characteristically occurs in females with the onset of ptosis in childhood and 
of external ophthalmoplegia in adolescence or early adult life. The pupils 
remain normal and an atypical retinitis pigmentosa is found with normal 
vessels and discs. The visual fields may show no defect, peripheral contrac- 
tion, or the characteristic scotoma of retinitis pigmentosa. 

It will now be evident that, in addition to the evidence of microcephaly, 
syphilis, or thyroid disorder, the cases reported by Barnard and Scholz (1944) 
did not show the syndrome as presented by cases later reported. Thus, in 
their first case, there was no ptosis, the onset of ophthalmoplegia occurred at 
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TABLE 
ELEVEN CASES REPORTED BY PREVIOUS AUTHORS 
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Age at Onset of 






























































Authors | Date Sex Pupils Visual Fields Fundi 
Ptosis Ophthal- 
moplegia 
Chamlin 1950 | Male 11 13 Reactions Slight peripheral Discs and vessels normal 
and Billet normal contraction Pigment at macula as well as 
periphery 
Female 12 14 Right: No | Right: Dense Fine and coarse pigment 
reactions central scotoma deposits throughout fundi, 
: plus peripheral especially at periphery 
Normal depression 
Left: Normal 
Female 13 26 Not Normal Pigmentary changes, fine 
recorded deposits, mostly at periphery 
Walsh 1957*| Female No 18 Not Normal Vessels normal 
ptosis recorded Pigmentary deposits along 
vessels in periphery 
Female 8 12 Reactions Normal Vessels slightly narrowed and 
normal questionable pallor of discs 
Pronounced pigmentary 
changes (typical bone 
corpuscle) in periphery 
Female 11 13 Not Normal Vessels normal 
recorded Pigment mottling throughout 
fundus—no deposits along 
vessels 
Female | ‘‘Early 7 Not Not tested Normal vessels and discs 
age”’ recorded Atypical pigmentary degenera- 
tion of the retina 
Erdbrink 1957 | Female | ‘Since 16 Reactions Irregular concen- | Peripapillary atrophy and 
birth” normal tric contraction attenuation of vessels 
to Diffuse macular pigmentary 
disturbance; scattered clumps 
of pigment in periphery 
Alfano and| 1957 | Female No ? Semi-dilated| No perception of | Discs not atrophic but arteri- 
Berger ptosis and fixed light oles markedly attenuated 
In places, pigment on vessels 
Salt and pepper appearance 
at macula 
Peripheral areas of bone- 
corpuscle pigment 
Kearns and} 1958 | Male 20 20 Reactions Huge enlargement | Discs good colour and vessels 
Sayre - normal of blind spots norma! 
corresponding to} Peculiar stippled appearance 
most marked of pigment epithelium 
retinal distur- around disc 
bance No actual pigment clumping 
even in periphery 
Choroidal vessels seen clearly 
around nerve head 
Male 3 “Shortly | Reactions Characteristic Pigment epithelium mottled— 
after normal fects of retin- most marked around disc but 
ptosis” itis pigmentosa also extended to periphery 
where clumping occurred 
Discs fairly good colour and 
| arterioles attenuated 





arteries and pale optic discs. 


* The first edition of Walsh’s book appeared 1947. 


age 37, and the fundi showed typical retinitis pigmentosa with narrow 


In their second case, the onset of ophthal- 


moplegia occurred at age 31, the superior oblique muscles were spared, and 
only at the extreme periphery of the fundus were there corpuscular-like 


deposits of pigment. 


Their third case had abnormal pupillary reactions, 


bilateral optic atrophy with extreme attenuation of the vessels, and gross 
38 
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macular degeneration in both eyes with a hole in the centre of each affected 
area. In their fourth case, ptosis became manifest at age 27, and, as men- 
tioned before, there were cranial nerve palsies associated with cerebellar 
ataxia. 

It is ironic that the first cases which drew attention to the association of 
retinitis pigmentosa and external ophthalmoplegia should have to be excluded 
from the homogeneous group which can now be recognized as a syndrome. 


Case Report 


A boy aged 10 was referred because his parents had noticed drooping of the right lid during 
the preceding 12 months. There had been no variation in the degree of drooping of the 
lid nor had the child complained of diplopia. 
There was no family history of ptosis or of neuro- 
logical or ocular abnormality. 


General Examination.—He was a rather pale child 
with a myopathic facies and bilateral ptosis which 
was most marked in the right eye (Fig. 2). 


Ophthalmological Examination—The pupillary 
reactions were normal. The ocular movements were 
limited in all directions (Fig. 3) and there was no 
improvement after the injection of prostigmine. 


Fic. 2.—Appearance at first examination. 












Fic. 3.—Photographs taken after ptosis of right eyelid had been corrected. (Negative of 
photograph showing eyes on right lateral gaze has been mislaid.) 
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ed Both fundi showed a diffuse and widespread fine pigmentary disturbance which was 
most marked at the periphery and the macula. The discs were of normal colour and 
the retinal vessels of normal calibre (Fig. 4). 
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Fic. 4.—Fundus photograph of disc, macula, and periphery of right eye. The left 
fundus showed a similar appearance. 


lary 
vere The visual fields showed bilateral annular scotomata (Fig. 5). 
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Fic. 5.—Visual fields. 


of The visual acuity in the right eye was 6/12 (6/9 with correction +3 Dsph., - 1:25 Dcyl., 
axis 30°), and in the left eye 6/36 (not improved by +3-5 D sph.). 
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Neurological Examination—No abnormality. 

Electrocardiogram.—Within normal limits. 

Blood.—Red and white cell counts normal. 

X-rays.—Chest, skull, and right carotid angiogram showed no abnormality. 

Cerebrospinal Fluid.—Normal pressure and dynamics with protein 83 mg./100 ml., 
chlorides 766 mg./100 ml., glucose 72 mg./100 ml., Lange 0000001110. 

Wassermann Reaction.—Both blood and cerebrospinal fluid negative. 

Serum Proteins—Albumim 5-4 g./100 ml., globulins 2-3 g./100 ml.; electrophoresis 
normal. 

Serum Cholesterol.—160 mg. per cent. 

Electromyography was performed on 
the right levator palpebrae superioris and 


; | r : 
i rp of rae yl Pl the trace obtained (Fig. 6) showed poten- 


tials of normal amplitude but of abnor- 
mally short duration. 


Fic. 6.—Electromyogram of right levator 
palpebrae superioris on upward gaze. Time 


. . : : 2 . ° and voltage scale as in Fig. 1. 


Accordingly, the right ptosis was corrected surgically and the small piece of muscle 
thus obtained examined histologically (Dr. A. L. Woolf): 


‘*The tissue shows a small piece of lacrimal gland and duct which appear normal, together with 
the levator palpebrae superioris. The muscle fibres which make up this muscle are much more 
slender than normal and the tendency to anastomose with one another is much more prominent, 
but this may simply be a result of the atrophy, so that a great number of fibres come into the plane 
of section. The sarcolemmal nuclei are enlarged, especially in the longitudinal axis of the muscle 
fibre. The cross striations have disappeared. The fasciculi are unduly separated from one 
another by loose connective tissue which contains an excess of histiocytes of the myophage 


type”’ (Fig. 7). 
ae 
a 





Progress—The child has 
been followed for 14 months 
with no change in his condi- 
tion. 





Fic. 7.—Muscle excised on cor- 
rection of ptosis. Haematoxylin 
and eosin. x 750. 
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DISCUSSION 


The heredo-degenerative diseases of the central nervous system may affect 
a single tract, such as spastic paraplegia, or a combination of tracts and 
nuclei, as in Friedreich’s ataxia, giving rise in this way to the classical 
syndromes. Even these syndromes may not repeat themselves in a stereo- 
typed manner within a particular family, and their genetic inter-relationship 
is demonstrated by the occasional occurrence of two of the hereditary dis- 
orders in the same family, e.g. spastic paraplegia and muscular dystrophy 
(Philip, 1886), Friedreich’s ataxia and spastic ataxia (Bell and Carmichael, 
1939), Friedreich’s ataxia and Charcot—Marie-Tooth disease (Roth, 1948). 
It is not therefore surprising to find the occasional association with most of 
the various heredo-degenerative diseases of both retinitis pigmentosa and 
ophthalmoplegia: e.g. retinitis pigmentosa with Friedreich’s ataxia (Zonca, 
1938), spastic paraplegia (Clauss, 1924), and the Laurence-Moon-Biedl 
syndrome (Laurence and Moon, 1866), and ophthalmoplegia, partial or 
complete, with Sanger Brown’s ataxia (Wilson, 1954), Friedreich’s ataxia 
(Barrett, 1927) and Marie’s ataxia (Franceschetti and Klein, 1949). 

This belief, that the heredo-familial disorders are all different manifesta- 
tions of a single basic defect (van Bogaert, van Leeuwen, Babel, Frances- 
chetti, Klein, and Montandon, 1948), is further borne out by the case 
reported by Alfano and Berger (1957) where a spastic quadriparesis accom- 
panied the syndrome of retinitis pigmentosa and ophthalmoplegia externa, 
and by the report of a family where retinitis pigmentosa was accompanied by 
cerebellar ataxia and spastic paraplegia (Froment, Bonnet, and Colrat, 1937). 
It is interesting in this context to note that the original cases of Laurence and 
Moon (1866) later developed spastic paraplegia (Hutchinson, 1882; Nettle- 
ship, 1907, 1908). Mention might be made at this point of a case reported by 
Reinberg (1950) where retinitis pigmentosa was associated with muscular 
dystrophy. (It is possible that electroretinography, as suggested by Bjérk, 
Lindblom, and Wadensten (1956), would reveal retinal degeneration in the 
hereditary ataxias long before it was clinically apparent as an atypical 
retinitis pigmentosa.) The family reported by Stephens, Hoover, and Denst 
(1958) is genetically significant: four members of one generation showed 
features of Friedreich’s ataxia and Charcot—Marie-Tooth disease associated 
with external ophthalmoplegia, the ophthalmoplegia having been shown at 
autopsy to be due to dystrophy of the extra-ocular muscles. 

It has long been known that heart failure is common in Friedreich’s ataxia, 
and this would seem to be due to progressive degeneration of the heart muscle 
(Greenfield, 1954). The myocardium was involved in the case of progressive 
external ophthalmoplegia reported by Gartner and Billet (1949), and in the 
case reported by Sandifer (1946) there was bundle-branch block. Two cases 
of retinitis pigmentosa and external ophthalmoplegia have been reported 
where heart block was present and in fact caused the death of one patient 
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(Kearns and Sayre, 1958). Salleras and de Zarate (1950) have remarked on 
the association of myopia and external ophthalmoplegia, three of their cases 
having “cardiac malformations’’, and it is interesting to note the presence of 
—9 D myopia in the case reported by Gartner and Billet (1949), though this 
myopia was not familial. 

Pupillary sparing in the syndrome of retinitis pigmentosa and external 
ophthalmoplegia has been emphasized (Walsh and Eisenlohr, 1959), and this 
fact is offered as evidence of a muscular abiotrophy by Mann (1957) since the 
sphincter and dilator pupillae are ectodermal in origin. When Gowers (1902) 
first suggested the term abiotrophy he included muscular dystrophy, Fried- 
reich’s ataxia, and heredo-cerebellar ataxia, attributing the process to “a 
degeneration or decay in consequence of a defect of vital endurance”’, but it 
has recently been suggested (Sorsby, 1955) that abiotrophy is in fact a con- 
genital defect where the tissue has not developed fully, this failure of develop- 
ment becoming evident later in post-natal life, e.g. as retinitis pigmentosa. 
Cogan (1956) proposed the term “‘abiotrophic ophthalmoplegia externa” 
for the condition variously known as chronic progressive ophthalmoplegia 
externa, chronic nuclear ophthalmoplegia, etc., and, if the evidence of a 
dystrophic pathogenesis is accepted, there is certainly some justification for 
its use, however much new names are to be deprecated. It would seem, 
however, that on the evidence presented in this paper, greater benefit from the 
term would be obtained if it were applied to the syndrome of atypical retinitis 
pigmentosa and external ophthalmoplegia which has this striking link with 
the various heredo-degenerative abiotrophic disorders of the central nervous 
system. It would then of course be consistent to include within this group 
external ophthalmoplegia occurring in any forme fruste of the heredo-familial 
disorders. 

SUMMARY 


A case is reported in which external ophthalmoplegia is associated with 
atypical retinitis pigmentosa. The relevant literature is reviewed. 

Since this syndrome provides a link between various abiotrophic disorders, 
it is suggested that the term ‘“‘abiotrophic ophthalmoplegia externa” is 
apposite and should, moreover, also be applied to ophthalmoplegia occurring 
in any variant of the heredo-degenerative diseases. 


I should like to thank Dr. E. C. Hutchinson for permission to report this case and constructive 
criticism. I am also grateful to Dr. A. L. Woolf for helpful assistance and to Mr. M. J. Roper- 


Hall for advice. 
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ADDENDUM 


Since this paper was written a further case has been reported by Thorson and 
Bell (1959) whose patient showed dystrophic external ophthalmoplegia (confirmed 
by electromyography and biopsy), atypical retinitis pigmentosa, and a cardiac 
conduction defect. They concluded that the symptom complex was abiotrophic. 
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A POSSIBLE AETIOLOGY FOR GLAUCOMA IN 
NEGROES* 


BY 
M. H. LUNTZ AND REDMOND SMITH 


St. Mary’s Hospital (Western Ophthalmic Hospital), London 


CHRONIC simple glaucoma is a syndrome well established in ophthalmic 
practice, but its aetiology is still unknown. Fundamentally this must be 
related to the question of how the intra-ocular pressure is maintained at a 
constant level. The many theories which have been advanced to explain 
the cause of this disease fall into two groups postulating either a hypersecre- 
tion of aqueous humour or an obstruction to its drainage. The latter concept 
has assumed pride of place ever since Leber (1873) discovered the prefer- 
ential channel of drainage of the aqueous humour at the angle of the anterior 
chamber. This was confirmed by Priestley Smith (1891), who stressed that 
obstruction at the angle of the anterior chamber was primarily responsible 
for raised tension. 

This simple mechanical concept was challenged by Duke-Elder (1926), 
who felt that the obstruction was only an adjuvant factor and that the essen- 
tial disease process was a vascular disturbance resulting in a state of con- 
gestion and stasis of the uveal circulation. 

Recently a large volume of work has accumulated on the anatomy and 
physiology of the drainage of aqueous humour from the angle of the anterior 
chamber, and various sites of obstruction have been suggested, so that the 
mechanical hypothesis is slowly gaining ground. Sugar (1957) summarized 
the immediate cause of ocular hypertension as being either vasoconstriction 
or sclerosis at the outlets of Schlemm’s canal, or increased resistance within 
the trabecular meshwork itself. In considering the importance of the epi- 
scleral and aqueous veins in the drainage mechanism, Thomassen (1948) 
showed that changes in the pressure of episcleral blood veins anticipated 
changes in the intra-ocular pressure in glaucomatous eyes, and that this was 
a constant finding. He further concluded that, because the pressure in the 
aqueous veins is proportional to the intra-ocular pressure, the same relation- 
ship must exist between these veins and the episcleral blood veins; therefore, 
when the intra-ocular pressure is in an increasing phase, the pressure in the 
blood veins will be high in proportion to the aqueous veins, and the outflow 
through the latter will accordingly be hampered. This idea’ was confirmed 
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by Bain (1954) who used a more refined technique to measure changes in 
the pressure of the episcleral blood veins. In studying a case with a normal 
and a glaucomatous eye, however, he found that the changes in venous 
pressure in both eyes were the same. He concluded that changes in the ven- 
ous pressure do not of themselves cause pathological rises in ocular tension, 
but may play an important role in eyes with an already defective drainage. 
Thus, while confirming Thomassen’s results, he disagreed with his hypothesis. 

The work of Dobree (1953) is also of interest. He studied the changes in 
calibre of the episcleral arteries, veins, and capillaries during the diurnal 
fluctuations in tension and recorded them photographically. He found in 
both normal and glaucomatous eyes that, where the rise in ocular tension 
was moderate in degree, there was an association between the vascular tone 
in the episcleral vessels (mainly the venous side) and the ocular tension. 
Thus, when the latter was raised, the former were in a phase of relative vaso- 
constriction, while the period of most marked vascularity coincided with the 
lowest pressure found. He suggested that these changes facilitated the out- 
flow of aqueous by causing a reduction in pressure in the venous outflow 
from the canal of Schlemm. 

Turning finally to clinical observation, Fuchs (1923) stated that corro- 
sive injuries, especially those affecting the limbus, quite frequently caused 
a rise in ocular tension which developed several days after the injury and 
might last a week or more. He also pointed out that in scleritis glaucoma 
might supervene through ectasia of the sclera. 

The paper records our observations on four Negro patients, two with 
chronic simple glaucoma and two in whom the exact diagnosis was in doubt, 
who were found at operation to have a pathological degree of episcleral 
fibrosis. It has always been difficult to achieve satisfactory drainage in this 
race and no good reason for this has yet been suggested, although Frieden- 
wald (1950), in discussing reasons for the failure of glaucoma operations, 
remarked that post-operative histological studies showed more episcleral 
scarring in Negroes than in white patients. It is our surmise that in Negroes 
glaucoma may be caused by a diffuse fibrosis of the episclera, which would 
also explain the unsatisfactory results of many drainage operations. 


Case Reports 


The four cases to be described were all seen at outpatient clinics at this hospital, 
from which they were referred to the hospital’s glaucoma clinic for investigation 
and advice as to treatment: 


Case 1, a female kitchen-hand aged 34, was an immigrant from Jamaica. She was 
referred to hospital by an optician who discovered on routine examination that she had 
lost the vision of the left eye. The family history was negative. 
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Examination.—The visual acuity in the right eye was 6/9, and in the left there was no 
perception of light. The pupillary responses in the right eye were normal, but in the left 
the direct response to light was absent, the consensual reflex being retained. Both discs 
were pathologically cupped. The ocular tension was 59 mm. Hg Schiétz in the right 
eye and 42 mm. Hg Schidtz in the left. The right peripheral field showed an almost 
complete loss of the nasal sector. Gonioscopy showed open angles. 


Diagnosis.—Bilateral chronic simple glaucoma. 


Treatment.—She was admitted to hospital for phasing on gutt. pilocarpine 2 per cent. 
three times a day and Diamox 250 mg. twice a day. As this did not control the ocular 
tension, surgery was advised. 

A cyclodialysis was done 8 mm. from the limbus in the lower outer quadrant of the 
right eye. At operation a diffuse fibrosis of the episclera was encountered; this extended 
to at least 8 mm. around the limbus, and may have extended further but this was not 
confirmed. The overlying conjunctiva was freely mobile. 


Case 2, a male Negro labourer aged 49, also came from Jamaica. He had consulted 
his general practitioner complaining of poor vision in the right eye for the past year and 
was referred to hospital for investigation. The family history was negative. 


Examination.—The visual acuity in the right eye was counting fingers, and in the left 6/12 
corrected. Both pupils were constricted (he had been using gutt. pilocarpine 1 per cent. 
three times a day) and both discs were pathologically cupped. The ocular tension was 
45 mm. Hg Schi6tz ineach eye. There was field loss in both eyes. Gonioscopy showed 
that both angles were of moderate width, exhibiting golden pigmentation of the whole 
trabecular zone. 


Diagnosis.—Bilateral chronic simple glaucoma. 


Treatment.—He was admitted to hospital for phasing on gutt. pilocarpine 2 per cent. 
three times a day. As this did not control the ocular tension, surgery was advised. 

A cyclodialysis was done in the lower outer quadrant of the right eye, and this was 
followed 2 weeks later by an infero-temporal cyclodialysis in the left eye. At both 
operations the same fibrosis in the episclera was encountered as in Case 1. The overlying 
conjunctiva was mobile. 


Case 3, a male Nigerian student aged 31, had come to England 18 months previously. 
He complained of poor visual acuity in the left eye for the past 9 months and an indefinite 
history of haloes. There was no family history of glaucoma. 


Examination—The visual acuity was 6/9 in each eye with correction. The corneae 
were rather small and the anterior chambers shallow. The pupils were miotic (due to 
treatment with gutt. pilocarpine 1 per cent. twice daily). The disc in the right eye was 
probably cupped in the upper temporal quadrant, and that in the left eye was definitely 
cupped in the same quadrant. The ocular tension was 22 mm. Hg Schi6tz in both eyes. 
Both central fields had a large inferior scotoma of the arcuate type and gonioscopy showed 
that both angles were narrow but open. No definite peripheral anterior synechiae were 
found. A dark-room test performed while he was off treatment was indefinite in both 


eyes. 


Diagnosis.—The classification of this case was in some doubt but a tentative diagnosis 
was made of closed-angle glaucoma. 
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Treatment.—He was admitted to hospital for phasing on gutt. pilocarpine 2 per cent. 
three times a day and gutt. eserine 0-25 per cent. three times a day, but the tension was not 
controlled. 

An iris inclusion was done in the right eye, and this was followed a week later by a 
cyclodialysis in the lower temporal quadrant of the left eye. Once again the same 
degree of episcleral fibrosis was seen. Interestingly enough, so intense was the tissue 
reaction in this man, that the iris inclusion fibrosed up within a week of the operation. 


Case 4, a Nigerian male in the service of his Government, aged 48 years, had been seen 
at this hospital in 1957 when bilateral chronic closed-angle glaucoma was tentatively 
diagnosed (there was some doubt as to the correct classification) and he was treated with 
gutt. eserine 0-5 per cent. twice daily to both eyes. He returned in November, 1958, 
for a reassessment. 


Examination.—The corrected visual acuity in the right eye was 6/9, but in the left it 
was down to 4/60 by reason of an area of old choroiditis at the left macula. The right 
disc had a suspicious-looking cup; the left disc showed definite pathological cupping. 
The pupillary reactions were normal. The ocular tension in both eyes was 40 mm. Hg 
Schi6tz. The right visual field was normal but there was an upper arcuate scotoma in 
the left field. Gonioscopy showed narrow angles which were partially closed in both 
eyes. On pupillary dilatation the left angle became almost completely shut. A mydriatic 
test (using homatropine 2 per cent. and cocaine 2 per cent.) gave an indefinite result in 
the left eye (25-30 mm. Hg Schi6tz). 


Diagnosis.—This could not be made with any more certainty than before. 


Treatment.—He was admitted to hospital for phasing on gutt. pilocarpine 2 per cent. 
with gutt. eserine 0:5 per cent. four times a day. In spite of this intensive treatment 
the ocular tension could not be controlled. 

A cyclodialysis was done in the upper temporal quadrant of the right eye and a week 
later in the left eye. Here again, the same degree of episcleral fibrosis was encountered. 


Comment 


The feature of interest in these four cases is the significance of the episcleral 
fibrosis, which was common to them all. This was so definite and required 
such vigorous dissection that we considered it to be pathological, the more 
so in the light of our experience with a series of ten pterygium operations on 
Negroes where we found no evidence of fibrosis in the episclera. Reference 
to the literature has failed to reveal reports of a similar finding at operation, 
although, as mentioned earlier, Friedenwald commented on episcleral 
fibrosis in glaucomatous eyes excised post-operatively from Negroes. 


Discussion 


We have observed that in four Negro patients with primary glaucoma a 
pathological degree of episcleral fibrosis was present, which has led to the 
surmise that this might be of aetiological significance in glaucoma in this race. 

The aqueous humour from Schlemm’s canal is drained into the episcleral 
venous plexus by a series of intercommunicating plexuses in the sclera and 
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episclera, so that it eventually reaches the superficial vessels of the episclera. 
The aqueous humour leaves from Schlemm’s canal by approximately thirty 
external collector channels. These are irregularly distributed and vary in 
size and shape. Most of them anastomose with the deep scleral plexus 
near the external wall of the canal of Schlemm, with the intrascleral plexus, 
and finally with the episcleral plexus (Maggiore, 1917); some communicate 
directly with the surface. 

Ascher (1942) discovered that some vessels in the episclera, when examined 
biomicroscopically, appeared to contain clear fluid; he named them aqueous 
veins (Ascher, 1951, 1952). The same observation was made independently 
by Goldmann (1946), who conclusively proved their aqueous content. 

The early studies of the minute anatomy of this peri-limbal circulation 
were made upon specimens injected with dyes or Indian ink, reconstructed 
serial sections, or combinations of these two methods. This early work 
has been reviewed by Dvorak-Theobald (1934). An advance came with the 
development of the Neoprene cast technique by Ashton (1951, 1952); 
Schlemm’s canal and the intrascleral and episcleral venous plexuses were 
filled with Neoprene, the ocular tissues being later digested with pepsin and 
trypsin so that a Neoprene cast of the peri-limbal circulation remained. 
Aqueous veins previously identified and tied with a tantalum wire loop by 
Mr. Arthur Lister were followed to their origin. This work showed that 
striated or pure aqueous-containing veins may arise either from Schlemm’s 
canal directly or in a more indirect fashion via the deep scleral venous plexus. 
Aqueous veins can be seen biomicroscopically in the episcleral tissue where 
they join the episcleral venous plexus. 

Under these anatomical conditions, it is clear that a relative obstruction 
to the outflow of aqueous humour could occur as a result of severe fibrosis 
in the episclera with accompanying strangulation or obliteration of the veins. 

There is also experimental evidence for this hypothesis; thus Huggert 
(1951) produced a rise in intra-ocular pressure in 25 out of 33 normal and 
glaucomatous eyes by means of contact lenses with a narrow haptic. The 
contact lens was designed to produce compression of the episcleral veins. 
Ascher (1951) reported that aqueous outflow may be blocked or at least 
retarded by contact lenses, even if they rested gently on the conjunctival 
surface. 

Sugar (1957) named obstruction of venous drainage in the eye as one of the 
causes of both primary and secondary adult glaucoma. Sondermann (1934) 
considered that constriction of the vortex veins at their exits, by condensa- 
tion or sclerosis of the surrounding sclera, could be responsible for raised 
tension, and Sugar, reviewing the literature on glaucoma caused by obstruc- 
tion of venous drainage, pointed out that an increase in intra-ocular pressure 
under these conditions occurred both clinically and experimentally. He 
contended, however, that though this had been implicated experimentally as 
a cause of primary glaucoma it had not been proved clinically. 
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Our case reports suggest that in Negroes a possible cause for obstruction 
to the venous and aqueous efferents from the anterior segment of the eye 
may be a diffuse fibrosis in the episclera. There is no indication at present 
as to the aetiology of this fibrosis, and indeed its existence is based only 
upon a clinical impression obtained at operation. It would be interesting 
to know if other surgeons have also encountered this apparent abnormality 
of the episclera in Negroes. 


Summary 


The cases of four Negro patients with glaucoma are reported, in whom an 
abnormal degree of fibrosis in the episcleral tissue around the limbus was 
encountered at operation. It is suggested that obliteration of the episcleral 
veins by this fibrosis may constitute a specific type of glaucoma in this race. 
This could also be correlated with the poor results obtained after filtration 
operations for glaucoma in Negroes. 


Our thanks are due to Mr. A. G. Cross and Mr. A. G. Leigh for permission to investigate and 
treat Cases 3 and 4 respectively and to publish their case reports. 
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CHANGES IN THE ELECTRO-OCULOGRAM POTENTIAL 
LEVEL* 


BY 


JEAN R. DAVIS anp B. SHACKEL 
Psychological Research Laboratory, EMI Electronics Ltd., Hayes, Middlesex 


THE eyeball may be regarded as a small battery, with a positive pole in the 
cornea and a negative pole in the retina. The work of Fenn and Hursh 
(1937), Frangois, Verriest, and de Rouck (1957), and others, suggests that 
the corneo-retinal potential is associated primarily with the retinal receptors; 
Brindley (1956) has suggested that the resting potential of the lens may con- 
tribute to it, and it may be that the cornea also contributes. Changes in the 
position of the eyeball cause changes in potential at the skin surface round 
the eye socket; these changes can be detected, amplified, and measured by 
the technique known as electro-oculography (EOG). The changes of 
potential are, for practical purposes, linearly related to the angle of the eye- 
ball rotation and have been used as measures of eye movement and eye posi- 
tion. Conversely, by having the subject make known angular rotations of 
the eyeball, the potential changes can be recorded under standard conditions 
to give the ““EOG potential level”’. 

Provided that the measurement conditions are standardized and that the 
body structure surrounding the eyeball is a relatively homogeneous conducting 
medium, at least in the plane of movement, the ““EOG potential level” may 
be considered as a direct function of, and therefore as a measure of, the 
potential difference between cornea and retina. The following definitions 
have therefore been suggested (Shackel, 1960): 


The corneo-retinal standing potential is the actual potential difference between 
cornea and foveal sclera as measured by electrodes placed in contact with those 
structures, and thus is normally measurable exactly only on freshly excised eyes. 


The EOG potential is the corneo-retinal standing potential as measured in an 
EOG situation by means of peri-orbital electrodes suitably placed to record a 
potential difference when the eyeball position in the plane of the electrodes departs 
from the mean zero point (at which cornea and central retina are approximately 
equidistant from the electrodes). 





* Received for publication October 20, 1959, 
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The EOG potential level of a subject is a measure of the corneo-retinal standing 
potential level for that subject, because it is the EOG potential recorded under 
standard conditions. 


The EOG potential level at any time is the mean potential recorded for a 30° ex- 
cursion; it is the mean of at least one excursion each side of centre to 30° left and 
30° right; it may be expressed simply in millivolts or microvolts, the standard con- 
ditions being assumed, or may be divided by 30 and expressed in microvolts per 
degree. Unless stated to be uniocular, it is assumed that any EOG potential level 
is a binocular level (because Lead 3, as defined by Miles, horizontally across both 
eyes gives more reliable results; Miles, 1939a). 


Large differences in EOG potential level between subjects have been found 
by all workers (Fenn and Hursh, 1937; Miles, 1939a, b; Leksell, 1939; 
Mackensen and Harder, 1954; Francois and others, 1957; Shackel, 1960). 
Fenn and Hursh (1937) reported constancy of potential level for individuals 
over time, but subsequent workers (Miles, 1939b; Mackensen and Harder, 
1954; Kris, 1959) have reported significant differences in the same individuals 
on different occasions. In two surveys on approximately 100 subjects, 
separated by an interval of 10 months, test-retest correlations of r= +0-66, 
uncorrected for differences in time of testing during the day, and of r= + 0°83, 
for subjects tested at the same time, within the hour, on the two occasions, 
were found; these suggest considerable constancy of potential level with time 
(Shackel, 1960; Shackel and Davis, 1960). 

Miles (1939c), in studying the effects of experimental modification on the 
potential, found marked changes under certain conditions. He suggested 
that potential changes conformed to a pattern similar to that of blood pres- 
sure, metabolism, and other factors which decrease with relaxation and in- 
activity and increase with tension and apprehension. 

However, no reports have been found of prolonged studies of the EOG 
potential level in the same group of subjects under controlled conditions of 


measurement. 


Purpose 
The experiment was planned with the following aims: 


(1) To study the variations in EOG potential levels recorded at the same 
time of day, from Monday to Friday, for 8 weeks, under controlled con- 


ditions; 

(2) To study the changes from hour to hour in subjects tested throughout 
a working day; 

(3) At the same time to gather further information about the subjects, 
both objectively and subjectively, with which to correlate any variations in 
EOG levels. 









608 JEAN R. DAVIS AND B. SHACKEL 


















Apparatus 


A portable version of the electronic apparatus developed for measuring EOG 
(Shackel, Sloan, and Warr, 1958) was used. The positions of the rubber suction 




































































cup electrodes (Shackel, 1958) were determined by a simple perspex jig (Fig. 1), 
which was placed against the outer canthus of the eye with the arrow in line with 
the line through the centre of the two pupils. The jig was then rotated sideways to 
press flat against the facial skin, the arrow still being in line with the pupils. Marks 
were made with a skin pencil through the holes in the jig to give the exact position 
for the electrodes. 
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Fic. 1.—Electrode siting jig. 
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The target apparatus consisted of a T-shaped piece of white board mounted at 
a distance of 16 in. from a clamp, into which a wooden spatula was inserted to 
serve as a biting bar. The distance of each subject’s eyes from the target when 
biting on to the spatula was checked by means of a measuring stick to be exactly 
15 in. The target covered the central area of the visual field, extending 60° hori- 
zontally and 35° vertically; it was illuminated by two 100-watt bulbs and had a 
mean brightness of 700 foot-lamberts. On the target board were four light grey 
fixation points: a central zero, fixation points to the left and right of this which 
gave exactly 30° of eye movement, and a fourth point which was used as a re- 
ference centre during adaptation. The target apparatus had two handles and a 
foot so that each subject could lift or rest it in a comfortable position. The subject 
was seated at a table on which the target was placed. The experimenter sat at the 
same table with the electronic apparatus, on which the potential levels were 
recorded by a meter (Fig. 2). 





Fic. 2.—Subject, target, electronic apparatus, electrode box, experimenter. 


The record sheets were in the form of a questionnaire which the subjects com- 
pleted each day, stating how many hours they had slept, whether they felt tired or 
unwell, if they had had any alcohol the night before, their time of rising that 
morning, and similar questions. Below the questions were spaces for the experi- 
menter to fill in the subject’s temperature, pulse, and potential readings. 


Subjects 


There were twelve subjects, six male and six female. The subjects were of two 
age groups 20-25 years and 40-45 years, three male and three female in each group, 
and within these groups were approximately equated for intelligence and occupa- 
tional status. The two experimenters also acted as subjects, giving a total of 
fourteen. 

39 
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Method 


The subject sat down, and the skin at the sides of the eyes and behind the right 
ear, where the electrodes were to be placed, was cleaned with acetone. The 
positions of the electrodes were marked with the jig; the electrodes were filled with 
1 per cent. saline jelly and applied. Because each reading of potential would take 
a very short time, and zero drifts were therefore not expected to be obtrusive, the 
skin drill (Shackel, 1959) was not used; it was considered that no significant errors 
would arise, in reading the meter, from estimating corrections for any small drifts 
that might occur. 

While the subject was being prepared for testing he completed the questionnaire. 
The subject then sat directly in front of the target, but not biting the spatula, and 
adapted to the illumination level for 4 min. (a time found to be the optimum by 
previous testing). During this time his temperature was recorded and his pulse 
taken. During the fourth minute the subject was asked to bite on to the spatula, 
and the exact distance of the eyeball from the target was checked with the measur- 
ing stick. The subject was then asked to fix the zero point, and the recording 
apparatus was set to zero, so that at the start of the fifth minute the first reading 
could be made. 

The testing routine consisted of 0-L30°-0-R30°-0 repeated four times at as 
constant intervals as possible. After the last measure had been recorded the 
subject ceased biting, the electrodes were removed, and the skin was wiped 
clean of saline jelly. The spatula was replaced in readiness for the next subject. 
The whole testing procedure took 8 min. and the subjects reported at 10-min. 
intervals at the same time every working day for 8 weeks. All tests were done 
between 8.30 and 10.50 a.m. 

The time of 4 min. for adaptation to the target brightness, the level of which was 
fairly similar to the surrounding room, was arrived at as a result of a pilot study 
on four subjects. Readings were taken every minute for up to 10 min. after 
switching on the lights. It was found that by the end of 4 min. an approximate 
plateau of potential level had been reached. 

Although Mackensen and Harder (1954) reported that at least five separate 
excursions to left and right are necessary to give a reliable mean EOG level, only 
four readings were used here on the basis of an analysis of data available in the 
labor. atory. These data consisted of a sample of fifty sets of groups of five readings 
to left and to right. The means of the groups of five were computed and compared 
with the means of the first four readings of the groups of five; no difference between 
these means was greater than 2V. It was felt therefore that four readings to left 
and right would give a reliable estimate of the true potentiai level. 

In order to check that slight differences in head position, or in amounts of eye 
closure, would not significantly affect the results, a study was done in which the 
subjects were tested under experimental conditions with considerable degrees of 
head tilt and eye closure. None of these positions yielded a significant difference 
from the normal potential level of the subjects. 

It is considered that experimental error resulting from apparatus, estimation of 
drift, or minor changes in electrode or head position cannot have exceeded 
+25 uV; taking a very conservative view the possible experimental error may be 
safely regarded as less than +50 pV. 
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Results 
I. Stability and Variability of Daily and Weekly Levels 
The results support the work of Fenn and Hursh (1937), Miles (19394, b), 


Leksell (1939), Mackensen and Harder (1954), and Francois and others 
(1957), in showing very large differences in potential levels between subjects. 
The individual daily scores ranged from 255 to 1,110 nV, and Fig. 3, showing 


the mean weekly potential level for each subject, illustrates clearly the wide 
range of potential levels found in this group of subjects. The grand mean 


for the group was 713 yV. 
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This mean level is higher than those of 580 and 562 uV found in two surveys 
of 100 young male subjects (Shackel, 1960; Shackel and Davis, 1960), Other 
experimenters have reported different mean levels for groups of subjects, for 
instance Miles (1939a) reported a mean level of more than 1 mV from 56 
female subjects. Further experimentation is needed to find out if these 
differences are artefacts of sampling, or are caused by climatic or racial 
differences, or, as is most likely, by different positioning of electrodes. 

(a) Stability Although the distribution of potential levels for different 
individuals is very large, it was found that for each individual the changes in 
potential level from week to week were quite small. The average change in 
level was only 46 pV (S.D. =31 »V), and 95 per cent. of the changes were less 


than 105 pV (Fig. 4). 
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Fic. 4.—Percentage of hourly, daily, and mean weekly changes in 
EOG potential level of less than given abscissa value. 


The mean EOG level for each week was calculated for each subject, and a 
rank-order correlation coefficient (p) was determined for each week against 
the first week as follows: 


Weeks land2 p= +0-92 Weeks landS p= +0-91 
Weeks land3 p= +0-97 Weeks land6 p= +0-91 
Weeks land4 p= +0-97 Weeks land7 p= +0-84 


Weeks land&8 p= +091 
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As the lowest p of +0-84 (for Weeks 1 and 7) is still very significant, it is 


obvious that the mean potential levels are relatively stable. As a further 
check the p values were calculated between the grand mean and the means of 
the first and last weeks and yielded values of p= +0-96 and p= +0°95 re- 
spectively. It seems then that over the 8 weeks of the experiment the mean 
potential level for each subject, with relation to that of the other subjects, 
remained very constant and could almost be regarded as characteristic of that 
person. 

(b) Variability.—This consistency is only apparent in the mean weekly 
levels; the day by day scores do not, for the majority of subjects, show the 
same constancy. Some subjects gave large changes from one day to the next 
on occasions, the largest being 400 .V. The average daily change in level was 
76 nV (S.D. =65 uV), 6 per cent. of the changes being greater than 200 »V and 
25 per cent. greater than 100 pV (Fig. 4). 

As experimental error was certainly less than + 50 »V, another explanation 
for these changes must be sought. It is interesting, in view of these large 
fluctuations from day to day, that the mean level should remain so constant. 
However this paradox would explain the differences in the literature, some 
workers regarding EOG as a stable measure and others as unstable. 


II. Diurnal and Nocturnal Levels 

(a) Diurnal Changes.—Kris (1959) reported a diurnal pattern in changes of 
EOG potential, with a day-time peak at about 12.0 noon to 2.0 p.m. and a 
trough in the night or very early morning, broadly corresponding to the 
diurnal pattern of metabolic activity. In the present experiment, subjects 
were tested at hourly intervals through a working day, giving eight recordings 
for each subject. The range of variation over a day for the subjects was very 
wide; some few showed variations up to 300 »V, whereas others were re- 
latively stable for the whole day. The average hourly change in level was 
67 vV (S.D. =58 pV), and the distribution was similar to the distribution of 
daily changes, with 3 per cent. greater than 200 »V and 21 per cent. greater 
than 100 nV (Fig. 4). 

Concerning the pattern of changes, five of the fourteen subjects tested were 
so stable that no conclusions could be drawn about diurnal pattern; none of 
their hourly changes exceeded 50 pV (i.e. +25 pV, the estimate of probable 
experimental error). The curves given by the other nine subjects could be 
broadly grouped into three sets of patterns. The largest group (five subjects) 
showed a peak at 11.0 a.m., a trough at 2.0 p.m., and a rise at 5.0 p.m. The 
second pattern (two subjects) showed a rise at 12.0 noon, followed by a steep 
drop to 1.0 p.m., with an equally sharp rise at 2.0 p.m. The third pattern 
(two subjects) showed a relatively stable level until a sharp drop at 3.0 p.m. 
None of these patterns corresponds to that found by Kris. It would seem 
therefore that there is no definite pattern of diurnal change in potential level 
common to all persons. 
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(b) Nocturnal Changes.—Two additional subjects were tested at hourly 
intervals during the night from 7.0 p.m. to 7.0a.m. Both subjects showed a 
wide range of potential level, with marked fluctuations from hour to hour. 
The patterns of changes for these two subjects were markedly similar, in spite 
of differences in times and amounts of food intake, exercise, etc. (Fig. 5). 
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Fic. 5.—All-night test, two subjects. 
Moreover, for one subject, this was his first night duty after four nights’ rest, 


while for the other this was his third night on duty. The experimenters who 
were tested at the same time did not exhibit these changes (Fig. 6). 
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Fic. 6.—20-hour test, two subjects. 


Although the subjects, unlike the experimenters, were used to working at 
nights and had rested during the previous day, these factors do not seem 
to account for the differences in pattern. The experimenters’ peak potential 
levels seem to be as inexplicable as the subjects’, except that some alcohol 
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was consumed shortly beforehand by the experimenters, which may or may 
not be relevant. 


Ill. EOG and other Factors 


(a) Age and Sex.—Previous studies (Miles, 1939a; Shackel and Davis, 
1960) have shown that the EOG potential level tends to decrease with increase 
in age. In this experiment the mean potential level of the older group (40- 
45 yrs) was 781 nV (co=141 pV; N=6), and that of the younger group 
(20-25 yrs) was 639 nV (o=123 pV; N=6). This difference, although large, 
is not significant. 

The means and standard deviations of the changes in potential level between 
consecutive days were computed for each subject. Comparisons were then 
made between the age and sex of the subjects and their mean change in poten- 
tial level; there was no significant difference between the male and female 
groups, but there was a significant rank-order correlation between increasing 
age and larger mean change in level (p = +0-70; t=3-38; N=12; P= <0-01). 

In order to obtain a measure, independent of the absolute size of the mean 
and standard deviation, for comparing the variability of their changes in level 


with the age and sex of the subjects, the coefficient of variation V, i.e. ( ~) 


was calculated for each subject. There was then found to be a significant 
rank-order correlation between increasing age and increasing V (p= +0-78; 
t=4:26; N=12; P=0-002). By using the method of Whitfield (1947), a 
significant tendency was also found for the male group of subjects to have a 
higher V than the female group (r= +0-40; P=0-05). 

Thus it is clear that, regardless of the amplitude of their EOG potential 
level, which was not found to be significantly correlated with age, the older 
subjects show both larger changes in their EOG level from day to day and 
greater variability in amplitude of changes from day to day than do the 
younger subjects. To a less extent the male subjects show greater variability 
in amplitude of changes than do the females. 


(b) Atmospheric Conditions—An unexpected result was that, for all 
fourteen subjects, there was a marked tendency for the mean weekly EOG 
level to rise through the 8 weeks (see Fig. 3). This rise occurred in varying 
degree with every subject and was quite independent of individual voltage 
levels. 

Miles (1939a) has shown that the potential tends to diminish with relaxa- 
tion and habituation, so that this increase cannot be explained as adaptation 
to the experimental situation. Barnett (1940) showed that the resistance of 
the skin fluctuates seasonally and is diminished during October to December 
(the time of our experiment). However, the decrease which he reports seems 
too small to have affected the EOG potential levels, because the recording 
apparatus had an input impedance of more than two megohms. 
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The graph given by the weekly mean EOG levels for the whole group was 
compared with that for the weekly mean atmospheric temperatures recorded 
at Kew, 6 miles from the laboratory (Fig. 7), and it was noted that both 
graphs had two markedly different levels. In the first 3 weeks the temperature 
was fairly high and the potential level fairly low. In the last 3 weeks the 
temperature was lower and the voltage correspondingly higher. This 
apparent correlation may of course only be incidental and not causal. 
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Fic. 7.—Total group mean weekly EOG level compared with mean weekly 
atmospheric temperature. 


Sweeney, Kinney, and Ryan (1960) have recently reported a study in which 
the scotopic sensitivity of three subjects was found to be poorest in the sum- 
mer months and to increase gradually in the autumn and winter; the course 
of the changes in sensitivity agreed well with the two measures taken of 
previous exposure to sunlight. Large changes in the present and immediately 
preceding level of ambient illumination are known to influence the EOG 
potential level (Miles, 1940; ten Doesschate and ten Doesschate, 1956; 
Frangois and others, 1957; Kris, 1958). One might perhaps speculate upon 
the possibility of a partial dependence of the EOG potential level, not so 
much upon ambient temperature, but rather upon the amount of previous 
exposure of the subject to sunlight. 


(c) Metabolic Factors.—A relationship has been suggested between EOG 
and metabolic factors (Miles, 1939c), because the potential level tends to be 
higher when the subjects are apprehensive and to diminish with relaxation 
and inactivity. The results of the present experiment are conflicting. Du 
Bois (1936) quotes evidence for a correlation of pulse rate and temperature 
with BMR. No correlation was found in this experiment between the 
relatively narrow range of temperatures, and pulse rates, and the EOG poten- 
tial level; however, on two occasions, a drop of over 200 »V was accom- 
panied by a drop in temperature and subsequent illness and absence from 
work. Another factor which has been shown to affect basal metabolism, lack 
of sleep (Kleitman, 1939; Du Bois, 1936), was compared with potential level, 
but yielded no significant correlation. 
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Osiba (1957) has shown that BMR increases in step with decreases of 
atmospheric temperature in the winter months, provided the subjects do not 
live continually in a centrally-heated environment (a proviso satisfied in the 
case of our subjects). If, therefore, the apparent seasonal variation in EOG 
potential level is mediated by atmospheric temperature, it may further be 
possible that the EOG potential level depends in some way upon the BMR 
and is related to metabolic factors. 

It would seem that, if there is a relationship between EOG potential level 
and metabolic factors, the relationship may not be clearcut and may be 
influenced by other factors. On the other hand it may be that the changes in 
potential level and in metabolic correlates recorded in this experiment were 
small and relatively random because the subjects were “normal”. It is 
possible that in clinical states much larger, correlated, differences may be 
found. However, a brief test on three thyrotoxic patients has also not yielded 
any very positive evidence. 


Conclusions 


This experiment has satisfactorily fulfilled its primary purpose of providing 
adequately controlled statistical evidence upon the variability of the EOG 
potential level. It has shown that moderate constancy, found previously 
between two occasions 10 months apart, is maintained also between mean 
weekly levels, but that considerable changes occur in hourly and daily levels. 
Caution, in the form of moderately frequent calibration, is therefore indicated 
when EOG is used as a routine technique for recording eye movements. The 
secondary purpose, to search for relevant correlations of EOG with other 
variables, has been fulfilled negatively for the most part. The explanation of 
the correlations which have been found, and also of the paradoxical stability 
and variability, remains, like many other factors about the EOG potential, 
to be elucidated. 


Summary 


(1) The EOG potential levels, pulse rate, oral temperature, and subjective 
estimates of tiredness, amount of sleep, etc. of fourteen subjects were re- 
corded on each working day for 8 weeks. Each subject was also tested at 
hourly intervals throughout one day, two subjects were tested throughout one 
night, and two subjects throughout 20 hours. 

(2) The mean potential levels for all subjects were found to be fairly 
constant (p = +0-91 between the means of Week 1 and Week 8) and seem in 
some way to be characteristic for each individual. Despite this consistency 
over a long time, there is considerable fluctuation about the mean level from 
day to day, changes as large as 30 to 50 per cent of the mean level being re- 
corded for some subjects. 
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(3) Statistics of the hourly, daily, and mean weekly changes in level are 
presented. Several patterns for diurnal hourly changes of EOG were found 
and also an apparent nocturnal pattern for two subjects. 


(4) Regardless of the amplitude of their EOG potential level, which was 
not found to be significantly correlated with age, the older subjects showed 
both larger changes in their EOG level from day to day and greater varia- 
bility in amplitude of changes from day to day than the younger subjects. 
To a less extent the male subjects showed greater variability in amplitude of 
changes than the female. 

(5) No significant correlations were found with metabolic variables, but a 
definite rise in EOG potential level between the beginning and the end of the 
experiment may be related in some way to a change in the seasonal atmo- 
spheric temperature. 

(6) The causes of the stability and of the changes in the EOG potential 
level are still uncertain. 
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ABERRANT INTRA-OCULAR LACRIMAL GLAND 
TISSUE* 


BY 


W. S. HUNTERT 
Department of Pathology, Institute of Ophthalmology, University of London 


THE occurrence of aberrant lacrimal gland tissue within the eye is a great 
rarity and presents problems of diagnostic and embryological interest. A 
search of the literature has revealed only three reports of this condition. 
The first was that of Puech (1887), who briefly described an adenoma of the 
choroid in an adult female: it had the microscopic characteristics of lacrimal 
gland tissue, and was bounded by and was adherent to the sclera and to the 
retinal pigment epithelium, both of which were normal. The patient was 
otherwise healthy both before and after operation. The second was that of 
Christensen and Anderson (1952), who described aberrant lacrimal tissue 
within the sclera, ciliary body, limbus and iris in the upper temporal quadrant 
of the left eye of a full-term infant of 2 weeks; the tumour was globular and 
pinkish in colour with solid and cystic portions. The third was that of 
Bruce (1952), who demonstrated lacrimal tissue in the excised iris of the 
lower nasal quadrant of the left eye of a 2-months-old male infant born 2 
weeks prematurely: this tumour was also pinkish-white in colour, irregular 
in contour, and appeared cystic. No other abnormalities were noted in 
these infants. 

This present report adds to the foregoing a further case recently submitted 
for pathological examination at the Institute of Ophthalmology. 


Case Report 
Unfortunately only a few clinical details are available. At the age of 7 weeks numerous 
cysts were noticed in the outer and lower quadrant of the left iris of an otherwise com- 
pletely normal and healthy male baby. It was not possible to examine the lesion with the 
slit lamp; 84 months later the eye was removed. 


Pathological Report 

The specimen was a left eye in which a cystic mass and some small white opacities 
occupied the lower outer quadrant of the iris from 4 to 6 o’clock. Just posterior to the 
limbus at this site a small nodule presented in the outer sclera anterior to the insertion of 
the inferior rectus. 

A vertical section was made through the globe and the interior showed an enlarged 
ciliary body and iris root displacing the lens antero-superiorly and narrowing the anterior 
chamber. Posteriorly the globe appeared to be normal. 


Histology 

Macroscopic examination of serial sections of the whole eye showed the enlargement 
of the ciliary body and the iris root to be due to a cystic lesion, which pushed the iris 
slightly forward and indented the inferior equator of the lens. The scleral nodule was a 
solid lesion in the middle and outer scleral layers. 





* Received for publication November 26, 1959. 
t At present, Defence Research Board Fellow in Ophthalmology, Banting Institute, University of Toronto. 
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Microscopic examination showed the cystic lesion to consist of a glandular tumour 
lying in the ciliary body, iris, and adjacent limbus and peripheral cornea. It contained 
three large retention cysts communicating with one another and with dilated acini lying 
in a semi-circular rim around their postero-inferior margin (Fig. 1). 





Fic. 1.—“Normal” aberrant 
glandular tissue in sclera, and 
cystic glandular tissue in 
ciliary body and iris. Two of 
the large retention cysts may 
be seen, the dilated and normal 
acini lying postero-inferiorly 
around their rim. Haema- 
toxylin and eosin. x9. 


These cysts contained serous eosinophilic material and were lined with a double row of 
flattened epithelial cells having large oval basophilic nuclei. A few normal serous acini 


were present but no normal 
collecting tubules or ducts 
could be differentiated (Fig. 2, 
and Fig. 3, opposite). 


Fic. 2.—Higher-power view of 
dilated and normal acini seen in 
Fig. 1. Haematoxylin and eosin. 


x 36. 
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Fic. 3.—Higher-power view of 
acini seen in Fig. 2. Haema- 
toxylin and eosin. x 375. 





The normal architecture of the 
area was distorted, the tumour 
extending into the iris to within 
0-25 mm. of its tip, into the cornea to 
within 0:25 mm. of its surface bulg- 
ing the superficial lamellae outwards 
over it (Fig. 4), and into the ciliary 
body as far as its posterior third, 
the ciliary muscle being split around 
it. The filtration angle, Schlemm’s 
canal, and the trabecular meshwork 
were obliterated, and fibrous tissue 
had bound the tumour to the pos- 
terior corneal lamellae; the endoth- 
elium and Descemet’s membrane 
were reflected around the false angle 
on to the tumour surface, and the 
whole iris was drawn forward, nar- 
rowing the anterior chamber. 


Fic. 4.—Medial to plane of section seen 
in Fig. 1, cysts extend into cornea and 
obliterate structures of distorted angle. 
A second cyst is seen extending almost 
to the iris tip. Haematoxylin and eosin. 
x 30. 
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The nodule of tissue in the outer sclera closely resembled normal lacrimal gland and at 
its closest point was only 1-25 mm. from the glandular tissue in the ciliary body. Antero- 
posteriorly the nodule measured from 1 to 3-75 mm., and inwardly it extended into the 
inner third of the sclera. The acini appeared normal and several ducts were contained 


(Figs 1 and 5). 























Fic. 5.—Higher-power view of “normal” glandular tissue in 
sclera. A duct is seen centrally. Haematoxylin and eosin. 
x 100. 


No duct tissue could be found connecting the glandular tissue in the iris and ciliary body 
with the corneal or conjunctival surfaces, or with the scleral portion, while episcleral 
tissue was not available for examination to determine whether a duct system connected 
the scleral portion with the conjunctival surface. 


Discussion 

Developmentally the occurrence of lacrimal gland tissue in these abnormal 
sites is not completely understood, but that it should occur is not surprising; 
indeed it is remarkable that abnormalities of this type are so rare for the 
ectodermal structures of the eye and lids arise from a very small area, the 
cells of which at an early developmental stage must be multipotent. The 
Stimulus or influence determining the development of the normal lacrimal 
gland is unknown and therefore the initiation of aberrant development is 
similarly obscure; however, budding of the surface ectoderm into the under- 
lying mesoderm must occur initially from an abnormal site or in an abnormal 
direction. 

Various abnormal locations for normal lacrimal tissue have been reported 
(Hughes and Ballen, 1956; Boase, 1954, Francois and Rabaey, 1951; Dame 
1946, Duke-Elder 1932, 1938), and, as Reese (1951) points out, lacrimal 
gland tissue may normally be found at almost any site in the lateral half of the 
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orbit, and sometimes as far away as the lower fornix. Furthermore, the lacri- 
mal gland in its phylogenetic development moves from the inner canthus 
along the lower lid to the outer canthus, and then to the upper lid; the ducts 


which persist under the lower lid remain as an indication of this course. 


In the human embryo the lacrimal gland first appears usually at about the 
25-mm. stage, although it has been noted as early as the 22-mm. stage. 
Budding continues up to the 60-mm. stage, and the histologically similar 
glands of Krause appear at the 55-mm. stage. The extent of the inward 
growth of the budding aberrant lacrimal tissue will depend on the time that 
budding begins, and on the stage of development of the underlying mesoder- 
mal and neuro-ectodermal tissues. As Mann (1957) points out, the more 
gross abnormalities of the eye tend to arise in the earlier stages of develop- 
ment, for after the definitive structures are established, abnormality can 
never be so extensive. Aberrant lacrimal tissue in the iris would suggest an 
anomaly in early development, whereas aberrant tissue only in the con- 
junctiva or outer cornea indicates a later developmental defect. 


In explanation of the case here reported it is suggested that the aberrant 
tissue grew into the undifferentiated mesoderm probably at the 25-mm. 
(7-weeks) stage in an atypical direction and from an atypical ectodermal site 
(conjunctival), to abut against the early choroidal and outer neuro-ectodermal 
layers near the rim of the optic cup, and in front of the scleral condensation 
for the insertion of the inferior rectus muscle. Further distribution of the 
tissue into the situation seen in Fig. 1 might be explained by considering the 
development of the area into which the aberrant tissue had grown. The 
neuro-ectodermal cup extends forward at about the 50-mm. (10-weeks) stage 
accompanied by its overlying mesoderm, to form the epithelium and the inner 
mesodermal layer of the ciliary body and iris. This forward movement 
would tend both to direct growth of the tip of the aberrant tissue forwards 
and also to carry small portions of it anteriorly. Somewhat later, in the Sth 
month, the mesodermal differentiation of the ciliary body and limbal areas 
would tend to accentuate this displacement of the glandular tissue. The 
ciliary body grows unequally (Allen, Burian, and Braley, 1955), and the 
greater growth which occurs forwards and outwards would carry the tissue 
into the future area of the chamber angle. The forward movement of the 
limbus, from its early position over the ciliary body to its final location im- 
mediately anterior to the angle, would assist. With this forward passage, the 
tip of the glandular ingrowth would be stretched and thinned through 
elongation, apparently enough in our case to sever its connexion with the 
original site, thus leaving a nodule in the sclera discharging superficially via 
a duct system, and a component in the ciliary body, iris, and limbus, which 
having no outlet developed retention cysts. 


The aberrant growth inwards in the case reported by Puech (1887) 
apparently took place into mesodermal tissue surrounding the optic cup 
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posterior to its rim, and was restricted thereby to development in the choroid; 
however, the lack of detail in this report does not allow of any further con- 
clusions. 

In the case reported by Christensen and Anderson (1952), the aberrant 
growth inwards probably occurred somewhat more anteriorly and from at 
least two separate buds. The mass of glandular tissue in the ciliary body 
was a conglomerate one, and probably became separated from the scleral 
mass as the sites of origin in the limbal and conjunctival epithelium drifted 
apart with differentiation and enlargement of the globe. 

In Bruce’s case the local excision precludes comparison; however, it would 
appear unlikely that closure of the foetal fissure played any part in the dis- 
placement of the aberrant tissue as he suggested. 

A less likely explanation of aberrant glandular tissue within the eye is 
differentiation in situ of epithelial islands carried into the mesoderm with or 
by the lens plate. This would not account for the duct system seen in the 
case reported by Christensen and Anderson; nor, in considering the develop- 
ment of the anterior eye, does the distribution of the aberrant tissue in their 
case or in the one now reported, lend itself to this explanation. The sugges- 
tion that aberrant tissue may grow through scleral defects is similarly less 
satisfying. 

The last three reported cases, including the present case, show aberrant 
lacrimal gland in three differing quadrants of the left eye. It is likely, how- 
ever, that any quadrant of either eye may be the site of election. They all 
presented as partially cystic and partially solid iris tumours, pinkish-white in 
colour, and enlarging. Presumably with a patent duct system to drain the 
tissue the lesion could be entirely solid. A nodule was present on the sclera 
in one case and limbal cysts were present in two cases. 





Summary 


The occurrence of aberrant lacrimal gland tissue is less remarkable than its 
rarity, only three intra-ocular cases having been found in the literature. A 
fourth case is here described. 

As the stimulus for normal development is unknown, it is impossible to 
explain exactly how this abnormality occurs, but the site and time of the 
aberrant stimulation probably determine the area and extent of the ocular 
involvement. Reasons are given for the belief that a late aberrant stimulus 
causes involvement of only the epibulbar and superficial layers of the globe, 
whereas an early aberrant stimulus will involve the deeper structure. 
Aberrant ingrowth of lacrimal buds into the mesoderm adjacent to the rim 
of the optic cup will probably involve the limbus, ciliary body, and iris, and 
will disturb the normal structure of this area, presenting at or shortly after 
birth, the clinical signs of a gradually enlarging solid, or more likely a cystic, 
tumour. 
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The pathology of these cases suggests that local excision, if feasible, may 
be all that is required when surgical treatment is indicated. 


I am indebted to Professor Norman Ashton for permission to report this case and for his helpful 
suggestions in its presentation. 
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A NEW OPERATION FOR GLAUCOMA* 
BY 


FELIX SANCHEZ PENA 
Cochabamba, Bolivia 









Every ophthalmologist is in search of a surgical method applicable to 
glaucoma in its various forms, but at the same time safe and easy to perform. 
For this purpose a new procedure has been devised which offers the advan- 
tage of minimal trauma without cosmetic impairment of the eye. The 
method to be described was first suggested by the author about 3 years ago 
(Sanchez Pejfia, 1957). 


Instruments.—Separator, conjunctival forceps and scissors, Lungard or von 
Graefe knife, iris spatula 2 mm. wide, Hess iris forceps, iris scissors (de Weckers), 
and scleral scissors. Instead of the ordinary iris spatula I use a special one 
provided with a small guard projecting for 1 mm. and situated 10 mm. from its 
tip (Figure). The purpose of this modification is to prevent the spatula from 
entering the eye too far, thus avoiding any damage to the lens or to Descemet’s 
membrane. The spatula provides support during one of the steps of the operation. 




















Steps in Surgical Procedure (Figure, opposite) 

A curved conjunctival flap 12 mm. in length is dissected free from the sclera 
down to the limbus. The flap is made in the same way as for the Elliot operation, 
but it is not necessary to split the cornea. 


An incision is then made in the sclera, 3 mm. in length, 8 mm. from the limbus 
and parallel to it. It is necessary to section the sclera carefully and to avoid 
damaging the choroid or ciliary body (1). 


The tip of the spatula is then inserted into the incision and introduced until it 
is seen in the anterior chamber, in the same way as for Heine’s operation. The 
guard prevents it from entering more than 2 mm. into the anterior chamber. If an 
ordinary spatula is used it is necessary to be careful not to introduce the instrument 
too far in order to avoid any damage to the lens (2). 


With the left hand the spatula is held exerting slight pressure with the guard 
against the anterior lip of the scleral incision. Unlike the method in Heine’s 
operation, I do not rotate the instrument laterally to detach the ciliary body, 
because this is not necessary. With the right hand and a von Graefe knife, a 
second incision is made 2 or 3 mm. in length, concentric to the limbus and 1 mm. 
behind it. This second incision is easily made because the spatula protects the 
underlying structures. 
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1Omm. 





FiGURE.—Instrument and steps in the operation. 


The spatula is held in place and with the same knife the roof of the cyclo- 
dialysis tunnel is sectioned sagittally starting from the paralimbal incision, to a 
length of 3 mm. thus joining the suprachoroidal space with the subconjunctival (3). 
The scleral opening can be enlarged if desired by cutting off the corners of the 
scleral flaps (4). So far this has not proved necessary. 

The spatula is withdrawn and with iris forceps, the iris is grasped and pulled 
out gently, and a small basal iridectomy is made. This is facilitated because the 
iris has been freed of its adhesion by the spatula. 

The operation is finished by suturing the conjunctival flap (5). It is convenient 
to introduce air into the anterior chamber. , 

Indications.—This technique accomplishes the three requisites of the surgical 
treatment of glaucoma: the modified cyclodialysis creates a new drainage channel 
towards the choroidal space; the sclerectomy creates a new extra-ocular path; the 
iridectomy re-establishes normal flow. 

Its indications are wide, and slight modifications make it suitable in all cases of 
glaucoma requiring surgery. In acute glaucoma, where iridectomy is indicated 
this can be done through the second incision without sectioning the scleral tunnel. 
Iridectomy performed in this way is safe because of the protection of the spatula 
and the lowered tension produced by the cyclodialysis. In absolute glaucoma it is 
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sometimes possible to avoid enucleation provided the globe has not degenerated. 
The complete operation providing adequate drainage must be carried out for simple 
glaucoma. 
















Summary 


The technique of a new operation is described. It aims at lowering the 
ocular tension by opening a new intra- and extra-ocular drainage channel 
and restoring the normal one. Thus its indications are wide. 

It is easy to perform and all its steps are under the absolute control of the 
surgeon. By modifying the technique it is possible to use it in the various 
types of glaucoma. 

There is no cosmetic impairment of the eye. The pupil is not deformed. 
The filtration bleb offers no problems because it is situated behind the 
limbus and is well protected by the upper lid. Secondary infection is 
improbable because the scleral opening is not coincident with the iridec- 
tomy. 
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INTRA-CORNEAL LAMELLAR KERATOPLASTY* 
BY 


TADEUSZ KRWAWICZ 
Ophthalmological Clinic, Medical Academy, Lublin, Poland 


THE operative technique of lamellar keratoplasty is still a problem. 
Various methods and appliances, such as direct and overlying’ sutures and 
protective shields, have been developed to ensure a good coaptation between 
the graft and the host bed, and to minimize the additional trauma which such 
devices usually give to the corneal tissue. These all have, however, the basic 
inconvenience of complicating the procedure which in itself is delicate 
enough. The result is that this valuable therapeutic method has not yet 
become as popular among eye surgeons as it ought to be. 

A new method of fixing the graft has been developed in experiments on 
animals (Krwawicz, 1960), and the present paper reports the first clinical 
results so obtained. 

Lamellar keratoplasty has so far been carried out only on the surface of 
the cornea, the transplant being fixed to the host bed by sutures. By the 
new procedure the graft is introduced into a pocket, the walls of which are 
formed by the scar tissue in front, and by the deeper layers of the corneal 
stroma behind. The scar, which forms the anterior wall of the pocket, gives 
temporary protection to the graft and is removed when the union between 
the graft and the host cornea has been established. No sutures are needed to 
fix the graft, as its position inside the corneal pocket is perfectly stable. 

The positive results obtained by this method experimentally, evidenced by 
the absence of complications in healing and by the preservation of the trans- 
parency of the graft convinced us that it was possible to eliminate failures 
due to the dislodgement of the graft, and encouraged us to test the clinical 
value of our method. 


Operative Technique 


Under local anaesthesia, lid sutures are placed and the eyeball is immobilized with 
sutures placed in the superior and inferior recti. Then a vertical incision, about 4 mm. 
long, is made with a keratome. The incision lies near the limbus and penetrates into the 
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deep layers of the corneal stroma, sometimes very close to Descemet’s membrane (Fig. 1). 
From this incision the cornea is split longitudinally towards the centre, first with a cysti- 
tome (Arkin, 1956), and then with a small flat knife, so that a channel 4 to 5 mm. wide is 
formed. In the central part of the cornea the scar tissue is undermined through a slightly 
broader area (Fig. 2). 













Fic. 1.—An incision about 4 mm. long is made Fic. 2.—Final stage of splitting. A pocket is 
with a keratome at the corneal limbus. apes in the central part of the cornea under 
the scar. 





A pocket is thus formed, into which the lamellar graft is introduced with a spatula. The 
insertion can be made easier by lifting the edge of the incision with a thin spatula. 
Wrinkled grafts can be made smooth by introducing a spatula into the pocket, and this 
will also help the graft to retain its position, thanks to the suction exerted by the closely 
adhering walls of the pocket (Figs 3 and 4). 




















eo 


Fic. 4.—G 





taft in place. 


Atropine and antibiotics are introduced into the conjunctival sac. A uniocular 
dressing is applied and the patient is allowed to move freely, there being no danger of the 
dislodgement of the graft. The dressing is removed on the following day. 

On the 6th to the 8th day after the transplantation, when the graft is firmly attached 
to the bed, the anterior wall of the pocket, i.e. the scar proper, is removed. This is done 
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i with a trephine, the diameter of which is slightly smaller (1 mm. less) than that of the trans- 
q plant. A narrow ring of the host cornea is thus left round the edge of the graft, and 
; additional support is afforded to the transplant (Figs 5 and 6). 












Fic. 5.—Scar removed with a 4-mm. trephine Fic. 6.—Transplant exposed after removal of 
on the eighth day after transplantation. excised scar. 





A few days after the excision of the scar, topical administration of cortisone is started. 


The donor graft can be prepared by any of the current methods, although in our 
opinion the best results are obtained by the use of the following modification, which is 
based on the same principle as the operation described above. The donor cornea is 
incised with a keratome near the limbus. From the incision line a suitable thickness of 
the corneal tissue is undermined through a broad area and then its central part is excised 
with a 5 mm. trephine, the anterior chamber remaining untouched (Figs 7 and 8). 











Fic. 7.—Donor cornea is split from the incision Fic. 8.—Lamellar graft excised from donor 
at the limbus towards the opposite margin. cornea with a trephine. 


Results 


The intra-corneal lamellar keratoplasty described above has been performed 
in six cases of corneal opacity affecting the superficial and deeper layers of the 
corneal stroma. In all these cases the first part of the operation, i.e. the 
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transplantation proper, proceeded without complications. In one patient 
(Case 5), the removal of the scar was complicated by the detachment of the 
upper part of the graft from its bed. This faulty union was due to the fact 
that the graft was prevented from lying flat in its bed by the inadequate size 
of the pocket. After the excision of the scar the graft reattached itself, still 


preserving its clarity. In the other five cases the union between the graft 
and the bed was good and withstood well the excision of the scar tissue. 


TABLE 
RESULTS IN SIX CASES 
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Case A - . Corneal ‘ i 
No. |S**\(yrsy| E¥ | Pisenosis | Opacity | Vessels \opsrative| cutiey | Rerative Changes 
Acuity Acuity 

1} F) 50 Right) Scarring | Dense Few, 0-5/60 | Clear _ Incipient 
following| central | fine after | cataract 
inflam- | Moderate 3 mths , 
mation in rest of 

cornea | 

2 ) F) 57 jRight Scarring Fairly Few, 0-5/60 | Clear 1-5/60 | Posterior 
following{ dense super- after | synechiae and 
inflam- | Anterior | ficial 2 mths | incipient 

| | mation Strata | cataract 

3 \M 23 |Right| Scarring Extending | Few, 0-5/60 | Clear 2/60 | Eye amblyopic 
following} deep into} fine after 

trauma { stroma 2 mths 

4 |M)\ 50 \Right Scarring Anterior | Old, 1/60 Fairly 2j/60 Poor vision _ 
fottowing/ layers of { atro- clear alter }) due to myopic 
inflam- | stroma phied 1-5 mths} choroiditis 
mation opaque 

f } 

5 | F| 50 {Right| Scarring | Dense Deep, 0-5/60 | Clear 6/60 _} Posterior 
following central : fine after synechiae and 
inflam- | and peri- 1-5 mths} incipient 

| { mation pheral cataract 

6 | F/| 61 (Right] Scarring | Middle | Smal) ] 2/60 } Partially} 2/60 _ 
ollowing| layers to- opaque | after 
inflam- wards 1 mth 
mation | scar 








In all cases the healing process was free from any symptom of infiltration 
or necrosis of the graft. Immediately after the removal of the anterior wall 
of the pocket a slight transient haziness of the epithelium of the transplant 
could be occasionally observed, and sometimes there was some peeling of the 
transplant epithelium. 

In five cases the post-operative course was uneventful, the transplant pre- 
served its clarity, and the vision was improved. In one patient (Case 3), in 
whom the scar extended into deeper layers of the corneal stroma, an opacity 
was visible under the clear transplant. There was, however, some visual gain. 
In one patient (Case 6), the graft was partially opaque and the vision remained 
unimproved. The Table shows that in some patients the comparatively 
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small visual gain must be ascribed to co-existing pathological changes in the 
ocular media and in the fundus. Figs 9 and 10 show the pre-operative state 


and the final result of the operation in one patient (Case 1). 





Fic, 9.—Case 1, pre-operative state. Fic. 10.—Case 1, final result. 


There is no evidence that the 6 to 8 days’ stay inside the corneal pocket 
has a negative influence on the clarity of the graft. 

The final results of our two-stage method of intra-corneal lamellar kerato- 
plasty seem to justify its introduction into clinical practice, especially in cases 
of more superficially situated opacities, or for ameliorative or therapeutic 
purposes (diseases of the graft). The new method eliminates completely the 
risk of failure due to faulty apposition of the graft following the bulging of 
Descemet’s membrane; it minimizes or eliminates the danger of the dis- 
lodging of the transplant, simplifies the operative technique by avoiding 
suturing, and decreases the operative trauma. It is our hope that all these 
advantages will make it possible to perform lamellar keratoplasty on a larger 
scale and with greater assurance than has been possible so far. 


REFERENCES 
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CASE NOTES 


TRANSCLERAL DIVISION OF MID-VITREOUS 
MEMBRANE UNDER VISUAL CONTROL* 


BY 


I. C. MICHAELSON 
Department of Ophthalmology, Hadassah University Hospital, Jerusalem, Israel 


THIs report is made because of the ease with which a good visual result was 
obtained in a blind eye as the result of the division of a mid-vitreous mem- 
brane under visual control. 


Case Report 


A female patient, aged 50 years, was observed for the first time in 1952 when she com- 
plained of a sudden loss of vision in the right eye. The vitreous of this eye was filled with 
blood and the vision reduced to the perception of light in all directions. There was no 
fundal red reflex. The left eye showed hypertensive arteriosclerotic changes and a raised 
scarred lesion of the macula as the result of which the visual acuity was reduced to 6/60. 
General examination revealed moderate hypertension and arterio-sclerosis. The blood 
picture was within normal limits. The patient was assumed to have had a central venous 
thrombosis in the right eye with resultant bleeding into the vitreous. 

In 1955 re-examination showed a mature cataract in the right eye with maintenance 
of good light projection. The left eye had remained unchanged. As the result of an 
intracapsular cataract extraction the vision of the right eye could be improved only to 
perception of hand movements because of the persistence of the vitreous opacity. On 
the temporal side a fundal reflex could now be obtained. 

In 1956, four vitreous aspirations were done at monthly intervals, about 1 ml. vitreous 
being removed each time without replacement. As a result the vision with +10 D sph. 
improved to 2/20, although fundal details were still not visible. 

In 1958, the vitreous opacity was found to be reduced to a fenestrated curtain-like 
membrane loosely pendent from the upper equatorial region. The membrane obscured 
all the fundus except a minute portion that could be seen through the larger fenestrations. 
The vision remained 2/20 with correction. 

In 1959 a division of the mid-vitreous membrane was performed under slit-lamp 
observation (Figure, opposite). It was necessary to have the patient in the sitting position, 
because when she lay flat the slack membrane lay against or close to the retina. The 
needle was entered from the temporal side at the ora serrata, the globe being fixed by 
forceps nasally. The focusing screw of the slit lamp was adjusted by an alert assistant 
according to the surgeon’s directions. There was an excellent view both of the needle 
and of the membrane, so that the latter could be divided in the selected part. Recovery 
was uneventful. 


Result.—There is an uninterrupted view of all the fundus. The vessels, especially the 
arteries, show marked narrowing and extensive sheathing. The disc is of fairly good 
colour. The visual acuity with +10D sph. is 6/15. The left eye is unchanged with a 
visuai acuity of 6/60. 





* Received for publication December 14, 1959, 
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Figure.—Transcleral division of vitreous membrane. 


Summary 


A report is given of a patient in whom the return of vision to an eye 
blinded for 7 years by a vitreous opacity was dependent on the extraction 
of a cataractous lens and repeated vitreous removals followed by the trans- 
cleral division of a mid-vitreous membrane under visual control. 
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MUSCLE TRANSPLANTATION AFTER A COMPLETE 
SEVERANCE OF THE MEDIAL RECTUS MUSCLE* 


BY 


OEY-KHOEN LIAN 
Semarang, Indonesia 










MaRINA (1912, 1915) found, after transplanting the ocular muscles in 
monkeys, an immediate restoration of normally co-ordinated eye-movements, 
a phenomenon which he ascribed to the absence of any fixed and predeter- 
mined function in the nuclei and association tracts of the central nervous 
system (Duke-Elder, 1949). The following case confirms Marina’s 
statements. : 







Case Report 


An Indonesian woman aged 25 years, stumbled so that her right eye came in contact 
with the hooked handle of a frying-slice (Fig. 1) which was resting at an angle in the utensil 
rack on the wall. As she stood up again, the slice was dangling from her right eye, the 
hook having penetrated the bulbar conjunctiva. A ‘helpful’? member of the family 
pulled the hook out, and after this the patient experienced diplopia. 





























Fic. 1.—Frying slice, showing length and hooked handle. 


The accident happened at about 7 a.m. on August 13, 1959, and when she was ad- 
mitted to hospital at 11 a.m. the medial rectus muscle of the right eye was found to be 
paralysed (Fig. 2). The ocular motility in other directions was good. The pupil was 
rather enlarged, but the visual acuity was normal. At 5.15 p.m., under 2 per cent. 
procaine anaesthesia without adrenalin, an exploration was performed and it was 
found that the right medial rectus muscle was completely severed at a point 2 mm. from 
its insertion. As it was not possible to find the other end of the muscle without 
damaging the surrounding tissues too much, I decided to transpose half of the superior 
rectus and half of the inferior rectus to the stump of the injured medial rectus. The 
tonus of the lateral rectus was first weakened by tenotomy. 

Figs 3 and 4 show the ocular movements 1 hour after the operation, when no move- 
ment was noticeable looking to the left (Fig. 4). However, 2 hours after the operation 
(Fig. 5), it was clear that there was adduction in the right eye. 





* Received for publication October 15, 1959. 
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Fic. 2.—Before treatment, 
looking to the left. 








‘as 


5.—Two hours after 





Fic. 3.—One hour after Fic. 4.—One hour after oper- _‘ Fic. 


operation, looking straight ation, looking to the left. operation, looking to the left. 
ahead. 


Figs 6, 7, 8, 9, and 10 show the condition 48 days after the operation, and Fig. 11 
8 months later still. 








Fic. 9 Fic. 10 Fic. a rhe gore sage 93 
Fics 6-10.—Appearance 48 days after operation, in different | Months after operation, look- 
positions of the gaze. ing straight ahead. 


Contrary to the statement of Bielschowsky (1939), the position of the head was quite 
normal. At the site of the transplantation there was still a medium-sized reddish pimple. 
On looking to the extreme left there was some divergent deviation and diplopia; in all 
other directions there was no diplopia. 

Summary 

A case is reported of muscle-transplantation in a patient in whom the 
right medial rectus muscle was completely severed by trauma. Two hours 
after the operation adduction was possible, and after 48 days the patient’s 
condition was satisfactory. The position of the head was normal, but 
there was some divergent deviation on looking to the extreme left. 
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MULTIPLE EPITHELIOMATA OF THE EYELIDS 
OF ONE EYE* 


BY 
A. LISTER anp V. M. DALLEY 
London 


THE following case of epithelioma of the conjunctiva developing after pro- 
longed inflammation, first in the lower eyelid and then in the upper, is thought 
to be sufficiently unusual to be of interest. 


Case Report 


A man aged 67 first attended the London Hospital in April, 1954, with an inflamed left 
eye. It had been troubling him for 3 years. There was trichiasis due to scarring of the 
upper lid, which was thought, on somewhat doubtful grounds, to be caused by trachoma, 
grossly inflamed conjunctiva, and marginal corneal vascularization. Two initial cultures 
were negative but later Staphylococcus pyogenes was grown. The conjunctivitis continued 
unabated for the next 2 years in spite of treatment with albucid, silver nitrate, oxycyanide 
of mercury lotion, aureomycin, penicillin, saline lotion—when active treatment was 
thought to be aggravating rather than helping the condition—neomycin, systemic sul- 
phonamides, cortisone, epilation, and meibomian massage. 

In the Summer of 1956 the inner end of the left lower lid became markedly thickened 
(Fig. 1). A biopsy taken from it showed “poorly differentiated squamous cell carcinoma 
from the conjunctival surface of the lid’’. Radiotherapy, given at the Royal Marsden 
Hospital, was apparently successful in curing the growth, and there has been no recur- 
rence since, although considerable conjunctival and corneal scarring and xerophthalmia 
also resulted. Enucleation was declined, and during the following year the eye became 
fairly quiet and comfortable. 

In April, 1958, the inner end of the upper lid became swollen by what appeared to be a 
collection of pustules in the thickness of the tarsus. Biopsy showed a growth similar to 
that in the lower lid (Fig. 2). This, in its turn, has responded to radiotherapy, and the 
eye is now fairly quiet and comfortable, although there is considerable symblepharon and 
corneal scarring. The right eye remains healthy, with visual acuity 6/6. 





SEAS 

ONS 
Fic. 1. Before starting first course of Fic. 2.—New lesion on upper lid with 
treatment to lower lid, July, 1956. radiation changes in lower lid, May, 1958. 








* Received for publication March 7, 1960. 
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Radiotherapy Record.—The patient was referred to the Royal Marsden Hospital in 
July, 1956, with a diagnosis of epithelioma of the conjunctival surface of the outer half of 
the left lower lid. In view of the state of the eye before the treatment and a long-standing 
history of severe seborrhoeic dermatitis of face and scalp, it was felt that external radia- 
tion rather than interstitial radon seeds should be used, since by this method the treatment 
and any ensuing reactions could be more easily controlled. 60 kV x rays were used, a 
dose of 6,200r being given in daily doses of 400r. The anterior part of the eye was pro- 
tected by a lead shield, which was inserted beneath the lid after local anaesthesia. 

There was little effect on the eye or reaction of the eyelid during treatment. The part of 
the lid affected by dermatitis and included in the treatment area appeared to be improved 
by x rays. A fortnight after the end of treatment, the lesion had healed, although the 
skin was still oedematous and some crusting was present. In spite of the care taken to 
protect the eye, an acute iritis supervened at this stage. 

From this time until May, 1958, the lid remained healed but the eye was intensely 
painful and its removal was considered. At this time the left upper lid was noticed to be 
nodular in its outer part and a biopsy showed epithelioma. Almost the whole of the 
outer half of the lid was involved, the upper extent being the bony margin of the orbit. 

Radiotherapy was used for the second treatment in view of the obviously unstable state 
of the skin, the problem being to protect both the anterior surface of the eye and also the 
previously treated area. The conjunctival sac was now unusually small owing to scarring 
and a normal-sized eye-shield could not be used. A special spoon-shaped shield was 
made (Fig. 3), and the lower lid was protected from further radiation throughout the 
treatment (Fig. 4). 60kV apparatus was used with a light device to facilitate the accurate 
use of the various protective measures and a dose of 5,600r was given. 





Fic. 3.—Diagram of corneal shield in place Fic. 4.—Diagram showing lead shield covering 
during treatment. previously treated lower lid, corneal shield in 
place, and darker area delineating field of 
treatment. 


Apart from these special techniques, 
treatment was uneventful, but subsequently 
the severe reaction caused adhesions to 
form in the fornices. The eye was scarred 
but comfortable. Fig. 5 shows the final 





Fic. 5.—Final result. result. 
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BOOK REVIEWS 


Books REVIEWED in Ophthalmic Literature 


Advances in Ophthalmology. (Progrés en ophtalmologie, Vol. 10; Fortschritte der 
Augenheilkunde.) By E. B. Streirr. 1960. Pp. 312, 50 figs. Karger, Basel. 
(Swiss Frs 56.00.) 

The tenth volume of the series contains some interesting papers. The first two 
(Mishima of Tokyo) deal with the author’s work on the use of polarized light in the bio- 
microscopy of the eye, wherein he gives a theoretical discussion of the principles of the 
method and his results in analysing the birefringence of the cornea. The third contribu- 
tion (Vos of Soesterberg) gives a balanced account of the work done on the Stiles-Crawford 
effect during the 25 years since these authors announced their discovery of the directional 
sensitivity of the retinal receptors. An elaborate paper follows (Sie Boen Lian of Dja- 
karta) on the regional picture presented by ophthalmological diseases in Indonesia and 
the adjacent countries. The final contribution is a review of the literature on diseases 
of the conjunctiva during the period 1946-1955 (Fanta of Vienna). 


L’Oto-neuro-ophtalmologie en pediatrie. Rapports et Communications de la 18éme 
Réunion du Groupe ONO Romand. Edited by A. WERNER, Geneva. 1960. 
Pp. 163, 45 figs, bibl. Karger, Basel. (Swiss Frs 9.50.) 


NOTES 


UNIVERSITY OF TORONTO 
Refresher Course, 1961 


The Faculty of Medicine, University of Toronto, will hold a Refresher Course in Eye 
Surgery on March 20-22, 1961. The instruction will consist of lectures, operative sessions, 
and a special symposium on cataract surgery. 

Dr. Robert N. Shaffer (University of California, San Francisco) and Sir Benjamin Rycroft, 
F.R.C.S. (London, England) will be guest surgeons, and the staff of the Department of 
Ophthalmology will contribute extensively. 

The course is limited to fifty members and is open to eye, ear, nose and throat specialists. 
Application should be made to the Director, Division of Postgraduate Medical Education, 
Faculty of Medicine, University of Toronto, Toronto 5, Canada, before January 31, 1961. 

On March 18 there will be a departmental research meeting, at which Dr. H. M. 
Burian, University of Iowa, will be the guest speaker; members of the Eye Surgery Course 
are invited to attend. 


THIRD INTERNATIONAL COURSE IN OPHTHALMOLOGY 
Barcelona, 1961 


The Third International Course in Ophthalmology of the Instituto Barraquer will be 
held from May 1 to 5, 1961, in Barcelona, in the “Avenida Palace Hotel’’, Avenida José 
Antonio 605. The number of those attending is limited to 300. 

The programme comprises: ““A Symposium on Surgery of the Crystalline Lens and 
Intra-Ocular Plastic Lenses” and “‘A Symposium on the Surgery of the Cornea”’. 

640 








10 
)- 


]- 


al 
i- 


ie 


Ave 














Brit. J. Ophthal. (1960) 44, 641. 


COMMUNICATIONS 


EXPERIMENTAL TRACHOMA PRODUCED BY A 
WEST AUSTRALIAN VIRUS* 


BY 


IDA MANN,{ C. H. GREER,| DOROTHY PERRET,{ anp C. McLEAN 


From the { Department of Public Health, Perth, Western Australia, and the tLions National Research 
Unit of the Victorian Eye and Ear Hospital, Melbourne, Victoria 


RECENT ophthalmic surveys in Western Australia by Mann (1954a, 1954b, 
1956), with the support of the Public Health Department and the Royal 
Flying Doctor Service, have shown that trachoma is the greatest single cause 
of ocular morbidity and blindness over large areas of rural Australia. The 
first successful culture in Australia of the causative agent was accomplished 
in Perth by Perret and Mann (1960). The virus was obtained by scraping 
the conjunctiva of a 3-year-old half-caste boy in Moora, a small town about 
100 miles north of Perth. This child showed typical necrotic follicles in the 
upper tarsal conjunctiva but had no discharge and was quite asymptomatic. 
The virus was passaged through eggs according to the method of T’ang, 
Chang, Huang, and Wang (1957). This Australian virus behaved culturally 
in a similar way to the virus isolated from Gambian trachoma by Collier and 
Sowa (1958). The present communication deals with the further investiga- 
tion of this same strain of Australian trachoma virus and the production by 
it of clinical trachoma in a human volunteer. 


Preparation and Testing of the Moora Virus 

All chick-embryo inoculations were made by the yolk-sac route using an inoculum 
of 0-25 ml. into 7- or 8-day embryos. Yolk-sac smears were stained by Macchia- 
vello’s method. Yolk-sac suspensions were prepared by grinding the yolk sacs 
in a mortar cooled to —15°C. and making up into 20 per cent. (w/v) suspension 
with saline containing 10 per cent. broth and 20,000 U/ml. streptomycin. Yolk 
sacs or yolk-sac suspensions were tested routinely for bacteriological sterility by 
inoculating serum broth and cooked-meat medium. 


Inoculation of Rhesus Monkey.—A suspension made from the yolk sacs of two 
embryos dying on the 8th day in the fifth passage of the virus was stored at 4°C. 
for 1 hr. and then used to inoculate a Rhesus monkey. A cotton wool swab dipped 
in the suspension was rubbed firmly on the upper tarsal conjunctiva of both eyes. 





* Received for publication March 7, 1960. 
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Examinations of the everted eyelids were made at intervals of 2-6 days for 6 weeks 
and then at 8 and 12 weeks. Hyperaemia was first detected on the 12th day and 
was also observed at each subsequent examination up to the eighth week. On the 
18th day, four small pale follicles were seen at the edges of the tarsal plates, three 
on the left, and one on the right. These follicles appeared to be smaller on the 
25th day and had disappeared by the 31st day. Follicles were again observed on 
the 37th day (three on the margin of the right tarsal plate, and one, or possibly two, 
on the left) but had disappeared by the 42nd day. At the final examination, made 
12 weeks after the inoculation, both tarsal plates looked quite normal. Thus, as 
is usually the case in monkeys, only mild follicular conjunctivitis was produced 
without either corneal change or pannus and without post-follicular scarring. 

Immediately before inoculating the monkey, the same suspension was inoculated 
into four 7-day embryos. One embryo died after 3 days and the others after 7 
days. Yolk-sac smears from the embryos dying after 7 days showed bodies with 
the typical appearance of elementary bodies of the psittacosis-lymphogranuloma 
venereum (P-LGY) group of viruses. 


Suspension for Use in the Human Volunteer.—The yolk sac of an embryo dying 
on the 8th day in the eleventh passage of the virus, and showing intracellular ele- 
mentary bodies typical of the P-LGV group of viruses, was stored overnight at 
4°C. while preliminary tests of its bacteriological sterility were carried out. On 
the following day the suspension was prepared and divided into two portions which 
were both stored at 0°C.; one portion was flown to Melbourne and the other 
retained in Perth. 18 hours later, at about the time of the human inoculation, 
the retained portion of the suspension was inoculated undiluted and at dilutions of 
10-1, 10-2, and 10-%, into 8-day chick embryos, using four embryos per dilution. 
Three embryos inoculated with the undiluted suspension died after 8, 11, and 12 
days respectively, and elementary bodies were seen in smears of their yolk sacs. 
All other embryos survived for 12 days and were not examined further. Both the 
yolk sac and the yolk-sac suspension were tested for the presence of bacteria by 
examination of Gram-stained and Giemsa-stained smears and by the inoculation 
of horse-blood agar plates (incubated aerobically and anaerobically), serum broth, 
cooked-meat medium, and sodium thioglycolate liquid medium. Since growth in 
the liquid media could not be detected by inspection because of the turbidity of the 
inoculum, Gram-stained smears were examined after these media had been in- 
cubated at 37°C. for {, 2, and 5 days. Sub-cultures to fresh media of the same 
type and to blood-agar were made at 2 and 5 days. No bacteria were detected by 
these tests. 

The yolk-sac-streptomycin suspension for the control volunteer was made from 


the yolk sac of a live 15-day chick embryo and prepared, stored, and tested for 
bacteriological Sterility in exactly the same way as the virus suspension for the 


volunteer. 


Clinical Trial 
The live virus suspension and the contro) suspension were flown at 0°C. 
from Perth to Melbourne for the next part of the experiment, which was 


carried out at the Victorian Eye and Ear Hospital and the Lions National 
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Research Unit. Two volunteers were obtained—one to receive live virus 
suspension, the other to receive the control yolk-sac-streptomycin suspension. 


(1) Control Volunteer.—The patient was a healthy woman aged 76 years who 
had been blind in both eyes from the age of 14. Blindness was said to have fol- 
lowed a chronic septic infection, but no detailed history was available. The right 
eye was staphylomatous with an opaque scarred cornea. A few vessels extended 
into the scar but there was no true pannus. The patient had at one stage been 
treated with copper sulphate and the upper tarsal conjunctiva of the right eye 
showed a typical scarring almost certainly due to treatment and not to trachoma. 
The left eye was represented by a fibrous nodule in the depth of the orbit. The 
socket was contracted and the lids could not be everted. 

After bacterial cultures had been made from both sides, the control inoculum 
was rubbed on to the conjunctiva of the everted lids of the right eye after instillation 
of 5 per cent. cocaine. The patient noticed nothing except a slight sensation of 
grittiness which persisted till the next day. A slight sticky discharge was present 
on the 2nd day, and on the 3rd day the lid margins were slightly reddened. By the 
4th day nothing unusual was detectable. Cultures and scrapings were taken on 
the 6th day. 


(2) Test Volunteer.—This was a very fit and mentally alert old lady aged 87 years. 
Her history was one of chronic glaucoma simplex which had begun about 25 years 
ago. Botheyeshad been trephined successfully, but 5 years ago cataract developed. 
Extraction of the right lens was followed by massive intra-ocular haemorrhage, and 
although the eye was not lost it did not recover perception of light. The left eye had 
an immature cataract, loss of the visual field on the nasal side, and a visual acuity 
equal to hand movements at 2 ft. 

It was decided to use the right eye for the experiment, as its tension was not raised 
and, except for the operation scars, the cornea and limbus were normal. Before 
inoculation, bacterial cultures were made and serum taken for antibody estimation. 
The left eye was protected by a Buller’s shield. 

On the day of the experiment the right eye was cocainized (5 per cent.) and a 
cotton wool swab dipped in the virus suspension was rubbed firmly over the everted 
upper lid and along the lower fornix. The patient complained of intense itching 
lasting for 5-10 minutes. 

Nothing was noticed till the early morning of the 6th day, when the patient said 
the eye was irritating and felt as if ‘“‘something was running round in it”. Very 
little was noted other than slight discharge and slight swelling of the lower lid. The 
upper tarsal conjunctiva was possibly very slightly hyperaemic. Later the same 
day the right pre-auricular gland was slightly tender on pressure, 

On the 7th day it was obvious that an acute condition had developed (Fig. 1, over- 
leaf). The lids were stuck together with muco-pus, the upper tarsal conjunctiva was 
hyperaemic with a few petechiae and the pre-auricular gland was palpable. A 
conjunctival scraping showed very numerous cytoplasmic inclusions in the epi- 
thelial cells (vide infra). 
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By the 8th day, a minute follicle was visible on the edge of the tarsal plate and the 
lids were oedematous and hyperaemic (Fig. 2, overleaf). This state of acute 
inflammation persisted and the pre-auricular gland became enlarged and tender. 
Epithelial keratitis and epithelial bedewing developed in the upper part of the 
cornea on the 10th day, and small follicles appeared at the outer end of the tarsal 
plate. At first, the corneal epithelium did not stain with fluorescein but presented 
only a faintly greyish spotting. By the 13th day, however, punctate staining was 
evident all over the cornea and the upper and lower palpebral conjunctiva was 
finely granular all over. A further scraping, taken on the 12th day, again showed 
cytoplasmic inclusions. Chemosis, especially of the lower part of the bulbar 
conjunctiva, became marked and there was great engorgement of all the limbal 
loops, especially above. 


By the 15th day, the muco-purulent discharge had lessened to a slight watery 
exudate while the chemosis and pre-auricular adenopathy persisted. By the 21st 
day there were visible, with the slit lamp, nine minute new vascular loops arising 
from limbal vessels above and running downwards in the oedematous cornea. 
By the 24th day, eleven new vessels had appeared and pannus could be diagnosed 
with certainty. These vessels continued to increase in number and in length until 
the 35th day. They were exceedingly narrow loops, the entering and returning 
channels being so close together that, with a loupe alone, they could easily be 
mistaken for single downsprouts. It appears certain, however, that they were 
narrow loops from the beginning. 


The acute phase of the disease began to subside before the appearance of the 
pannus so that by the 25th day there was very little discomfort or discharge and the 


lids were no longer glued together in the morning. 


On the 30th day it was decided to treat the patient, since the classical signs of 
trachoma had appeared after the expected incubation period of 6 to 7 days. Thus, 
hyperaemia, discharge, papillary hypertrophy, follicles, epithelial keratitis, pannus, 
pre-auricular adenopathy, and inclusion bodies of typical form had all been 
observed. In view of the patient’s age and her wonderful co-operation, and of the 
fact that virus had been recovered in eggs on three occasions and passaged twice, 
it was thought wise to terminate the experiment. On the 31st day, therefore, after 
serum, material for viral culture, a conjunctival scraping for microscopy, and a 
biopsy from the lower fornix had been taken, treatment was commenced. The 
regime was one tablet a day of Lederkyn by mouth and aureomycin ointment 
locally every 2 hours during the day. 


Within 24 hours of starting treatment all discharge disappeared, the pre- 
auricular gland subsided, and the limbal vessels became much less engorged. The 
pannus vessels, however, continued to increase in length and punctate staining of 
the cornea persisted. The eye continued to improve, and, with the subsidence of 
the swelling, it became possible to see (with the slit lamp) innumerable tiny opaque 
spots just under the epithelium of the upper tarsal plate and of the lower fornix. 
These were possibly aggregates of lymphocytes and could be precursors of future 
follicles. Viral and bacterial cultures, a conjunctival scraping, and a blood sample 
were taken on the 38th day. 
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The clinical course of the first 38 days of the experiment is summarized in 


Table I. 









































TABLE I 
SUMMARY OF CLINICAL COURSE 
Tnocula~ = Discharge var _, Papilary Follicles ‘ae Pannus 

tion Injection trophy 

D.6 ++ ++ + 3 

D.7 ++ +++ ++ +h 

D8 ++ ttt | tet * ++ 

D.11 ++ ++ ++4++ | +44 ++ +++ | Open limbal vessels 

D.15 ++ ++ tett | teete | ttt ++ +++ | Limbus engorged 

D.17 ++ ++ tttt+ tett+ +++ ++ +++ A few vessels? 

D.21 ++ ++ +tet | tett | +44 ++ + Nine small vessels 

D.24 ++ ++ ++t+ ++++ ttt ++ + Eleven small vessels 

D.27 + + +++ ++tt+ | Hete | $44 + Fifteen vessels 

D.31 | Treatment} + +++ tote | ttet | tttt Fifteen + vessels 

started 

D.33 +++ +++4+ | +++ +t+++ Intermittent flow in 
vessels 

D.38 - t+ttt +++ +++ Still some circulating 
blood 





























+ Minimal ++ Slight +++ Marked ++++ Very marked 


Laboratory Investigations 


(1) CONJUNCTIVAL SCRAPINGS.—These were stained with iodine by the 
method of Gilkes, Smith, and Sowa (1958), and the presence of a carbo- 
hydrate matrix in the virus aggregations was confirmed. After decoloriza- 
tion with absolute methyl alcohol, the smears were restained for 14-2 hrs 
with dilute Giemsa-stain (Gurr’s R.66)—1 drop (drop-bottle) to each 1 ml. of 
buffered water (pH 6:8). Differentiation was done rapidly by immersion 
in absolute methyl alcohol for 2 sec., repeated, if necessary, to achieve the 
required tint. 

On D.7 scrapings from the upper tarsal conjunctiva of the infected eye 
showed very numerous neutrophils and lymphocytes and abundant cellular 
debris. Many macrophages were also present, some showing cytoplasmic 
vacuoles and angular ingested fragments. Only an occasional eosinophil 
was seen. The epithelial cells contained very numerous inclusions in every 
way characteristic of trachoma. As many as eight large inclusions were seen 
in a single oil-immersion field (magnification x 950). Particles of elementary 
body size, staining purple to red, formed helmet-shaped aggregations capping 
the nucleus, or large spherical aggregations in the cytoplasm. In addition, 
elementary bodies were seen to fill some cells and to be broadcast from rup- 
tured cells. Spherical and oval, basophilic, initial bodies in one or more 
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tight clusters were seen in many cells, while in others there were crescentic 
and spherical aggregates of mixed initial and elementary bodies. In the 
cytoplasm of a few epithelial cells, red to purple perinuclear networks were 
seen which were finer in texture than nuclear extrusions and appeared to 
resemble the reticulum described by Mori (1958) and regarded by him as 
provirus (Figs 3 to 6, opposite). 

On D.12 the scrapings contained fewer inflammatory cells and noticeably 
fewer inclusions. On D.31, the day treatment was started, inclusions were 
still present in moderate numbers, but by D.36 only one recognizable aggre- 
gation of initial bodies was found. Many degenerate inflammatory cells 
were present together with moderate numbers of very large epithelial cells, 
possible evidence of epithelial regeneration. No virus inclusions were seen 
in scrapings from the control patient at any time. 


(2) CoNJUNCTIVAL Biopsy.—On D.31 a small biopsy from the lower fornix 
showed that the conjunctival epithelium was thin, partly necrotic and in- 
filtrated with neutrophils. No virus inclusions could be identified. The 
subepithelial stroma was much thickened by a dense inflammatory infiltra- 
tion of plasmocytes, lymphocytes, and macrophages. Within this infiltration 
there were scattered, poorly demarcated foci of larger mononuclear cells in 
mitosis and macrophages with ingested basophilic particles (Leber cells). 
There was, however, no clearly defined follicular pattern. 


(3) BACTERIAL CULTURES.—These were made at intervals on aerobic blood 
agar plates and in infusion broth. 


(a) Control_—Before inoculation of the control yolk-sac-streptomycin sus- 
pension, cultures from the right eye yielded «-haemolytic streptococcus, Coryne- 
bacterium xerosis, and Staphylococcus albus, while the left socket grew, in addition, 
Haemophilus influenzae (Koch-Weeks bacillus). On the 6th day after inoculation 
only Staph. albus survived in the right eye (probably due to streptomycin in the 
inoculum) while the flora of the right socket remained unchanged. 


(b) Test Volunteer—Both before the inoculation of virus and on several 
occasions afterwards, cultures from the infected eye yielded only C. xerosis and 
Staph. albus; even at the height of the muco-purulent discharge, these were the only 


organisms isolated. 


(4) RE-ISOLATION OF THE ViRUS.—Conjunctival scrapings from the test 
volunteer on D.11, D.17, and D.31 were suspended in 1 ml. saline containing 
10 per cent. broth and 20,000 units streptomycin, and immediately flown 
back to Perth at 0°C. About 12 hrs after each scraping had been taken, 
the suspension was inoculated by the yolk-sac route into three 7-day embryos. 
From each of the scrapings an agent with the characteristics of the P-LGV 
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lls conjunctivitis. and oedema of lids. A minute 
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group of viruses was isolated and passaged in the chick embryo. The times- 
to-death of the embryos of the early passages are shown in Table II. Yolk- 
sac smears from embryos dying later than the 4th day were stained by 
Machiavello’s method and examined for elementary bodies of the P-LGV 
group of viruses. Typical intracellular and extracellular elementary bodies 
were seen in most of the smears from the primary passage, and were generally 
more numerous in smears from subsequent passages. 











TABLE II 
RE-ISOLATION OF THE VIRUS IN THE YOLK SAC OF THE CHICK EMBRYO 
Day Time (days) between Inoculation and Death of Embryo 
Scraping Source 
Taken Passage 1 Passage 2 Passage 3 
D.11 (Upper Lid) 6, 7, 12 6, 7, 7, 8, 8, 9 4,9,9,9 
D.17 (Lower Lid) 2, 7, 8 2, 6, 8,9 4, 10, 10, 11, 12, 12 
D.17 (Upper Lid) 2, 8,9 2, 6, 9, 11 
D.31 (Lower Lid) 7, 11, 11 7, 9, 10, 12 7, 8,9,9 

















At the time of writing, the virus isolated from the scraping taken from the 
lower lid of the test volunteer on the 17th day has been through eleven 
passages; it has usually caused death in 6 to 10 days and typical elementary 
bodies have been seen at each passage. 

No bacteria were detected in any smear, or in serum broth or cooked- 
meat medium inoculated with portions of yolk sac or yolk-sac suspensions 
at the end of each passage. 


(5) SEROLOGICAL INVESTIGATIONS.—These were carried out in the Serology 
Section of the Public Health Laboratory Service of Western Australia. 

One serum sample was taken from the test volunteer before inoculation 
and six samples at approximately weekly intervals thereafter. Serum was 
taken from the control volunteer before inoculation and at approximately 
1 and 3 weeks after inoculation. These sera were tested for complement- 
fixing antibodies using an ornithosis-lymphogranuloma venereum comple- 
ment-fixing antigen. This was prepared by Commonwealth Serum 
Laboratories from a virus shown to be serologically related to the Moora 
virus (Perret and Mann, 1960). The Moora virus itself and the virus re- 
isolated from the test volunteer were not available for use as antigens. 

Tests were incubated at 4°C. overnight to allow complement fixation to 
occur; otherwise the technique used was that described by Meyer and Eddie 
(1956). A positive human serum from a known case of psittacosis was 
included in the test. Altogether seven serum samples from this patient and 
three from the control were tested. Complement-fixing antibodies were not 
detected in any of the serum samples. 
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Summary 

The clinical and laboratory features of experimental trachoma in a human 
volunteer are described. The virus was obtained in Western Australia from 
an asymptomatic half-caste boy with necrotic follicles in his upper tarsal 
conjunctiva, and was passaged in embryonate eggs. An infected volunteer 
developed muco-purulent conjunctivitis, epithelial keratitis, pre-auricular 
adenitis, small granular follicles, pannus, and typical cytoplasmic inclusions. 
The virus was recovered from conjunctival scrapings and again cultured and 


passaged in eggs. 


The major part of the expense of this research was met by the Ophthalmic Research Institute of 
Australia. The West Australian Public Health Department, and the Victorian Eye and Ear 
Hospital, Melbourne, also gave grants. It is a pleasure to acknowledge our very great indebted- 
ness to our two volunteers, more especially to the enthusiastic and co-operative patient who 
received the virus inoculation, and, thereby, suffered no little pain and discomfort and very con- 
siderable restriction upon her normally active life. We should also like to thank Dr. Archie 
Anderson of Melbourne who was wholly responsible for obtaining the volunteers. Finally, we 
are much indebted to Miss J. Jenkyn who performed the complement-fixation tests and to Mr. T. 
Cottier, Clinical Photographer, Victorian Eye and Ear Hospital, for the illustrations. 
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RESPONSES OF THE INTRA-OCULAR PRESSURE 
TO DIENCEPHALIC STIMULATION* 


BY 
J. GLOSTER 


Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology, 
University of London 


EARLY experimental work on the intra-ocular pressure was concerned 
mainly with the procedures which cause its elevation or reduction, but more 
recently attention has been focused upon the factors responsible for the 
maintenance of normal pressure in the eye. From this second line of thought 
has developed the concept that the intra-ocular pressure is kept at a fairly 
constant level by a regulatory mechanism; the evidence for this has been 
reviewed elsewhere (Gloster, 1959). It has been suggested that regulation 
may be effected by a purely mechanical system, by hormonal influences, or 
by a reflex nervous mechanism. Concerning the last possibility, the view 
that the intra-ocular pressure is controlled by a diencephalic nervous 
mechanism has received considerable support (Elwyn, 1938; L. Hess, 1945; 
Magitot, 1949; Thiel, 1952; Duke-Elder, 1957), and the most specific 
hypothesis which has been advanced attributes this control of the influence 
of one or more “‘centres” in the diencephalen (Schmerl and Steinberg, 1950). 

As a first step in the examination of these hypotheses, the response of the 
intra-ocular pressure to electrical stimulation of the diencephalon has been 
studied (Schmerl and Steinberg, 1950; Nagai, Ban, and Kurotsu, 1951; 
von Sallmann and Lowenstein, 1955; Gloster and Greaves, 1957). 

Gloster and Greaves (1957, 1958), working with cats, obtained falls in 
intra-ocular pressure accompanied by rises in blood pressure, these reactions 
being obtained from stimulations in an area of the hypothalamus close to 
the anterior column of the fornix. It was thought that the fall in intra- 
ocular pressure was due to vasoconstriction in the eye, since the effect was 
abolished by preganglionic cervical sympathotomy. From these observa- 
tions two closely related questions arise. First, can the area of the hypo- 
thalamus from which these effects were elicited be considered as a “centre” 
concerned specifically with reduction of intra-ocular pressure? Secondly, 
is the vasoconstriction evoked from this area limited to the eye or does it 
involve other tissues, the blood vessels of which are innervated via the 
cervical sympathetic trunk? 

Gloster and Greaves (1957) also described rises in intra-ocular pressure 
which were not dependent upon changes in the systemic blood pressure. 
Most of these responses were obtained from the stimulation of points which 
were scattered over a fairly wide area of the thalamus. However, it was 
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clear that these rises in intra-ocular pressure were not all of the same type, 
and it seemed possible that, if they could be divided into homogeneous 
groups, a definite relationship might be established between each type of 
rise in intra-ocular pressure and a particular area of the diencephalon. 

Lastly, in the earlier work of Gloster and Greaves (1957), diencephalic 
stimulation often evoked ocular manifestations of sympathetic activity (e.g. 
pupillary dilatation or retraction of the nictitating membrane), but effects 
attributable to parasympathetic excitation (e.g. pupillary constriction) were 
rarely seen. In view of the work of W. R. Hess (1932), it was thought that 
the characteristics of the electrical stimulus used (rectangular pulses of 
1 msec. duration at 30 cycles per second) might have favoured the excitation 
of sympathetic rather than parasympathetic nervous elements, and that 
therefore any influence of the parasympathetic component of the dience- 
phalon on the intra-ocular pressure would not have been revealed. 

The following experiments were undertaken to examine these points. 


Methods 


Cats were anaesthetized with chloralose (100 mg./kg. injected intravenously) and 
the subsequent procedure followed that described by Gloster and Greaves (1957) 
for recording intra-ocular pressure, femoral arterial pressure, and movements of 
the nictitating membrane during electrical stimulation of the diencephalon. 
Modifications of this technique were as follows: 


(a) A smaller electrode was used. This consisted of an insulated stainless steel wire 
(0-15 mm. O.D.) passed through a stainless steel supporting tube (0-4 mm. O.D.), the 
outer surface of which was covered with an insulating coating of lacquer. The active 
tip of the electrode was formed by a bared portion of the inner wire, 1 mm. long, which 
projected beyond the end of the supporting tube. 


(b) Damped electrical pulses having a duration of 12-5 msec. were used at a frequency 
of 8 c/s, the peak voltage being 3 v. Their source was a generator of the type described 
by Attree (1950), with the output modified by a suitable resistance-capacitance combina- 
tion. 

(c) Vascular changes in the skin of the ears were recorded, using a photo-electric method 
based upon that of Holton and Perry (1951). Each auricle was shaved, and a circular 
patch, 20 mm. in diameter, on the inner surface of the auricle was illuminated by a 
6-volt projection lamp. A photo-cell having a sensitive surface 20 mm. in diameter was 
placed on the outer surface of each auricle to receive the light projected through the tissues 
of the ear. Each photo-cell was connected to a mirror galvanometer from which a 
continuous photographic record was made. A variable resistance was connected in 
parallel with each mirror galvanometer in such a way as to provide a constant damping 
resistance, yet allowing the sensitivity of the circuit to be adjusted. The galvanometers 
were so arranged that a downward movement on the record accompanied an increase in 
the light received by the photo-cell, indicating a decrease in the amount of blood in the 
ear; contrariwise, an upward movement of the tracing signified the presence of more 
blood in the auricular skin. In interpreting the changes in the recordings from the 
photo-cells, due regard was given to the accompanying change in blood pressure. Thus a 
downward movement of the tracing occurring with a rise in systemic blood pressure was 
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taken to indicate active vasoconstriction in the ear; an upward movement of the tracing 
under similar circumstances was interpreted as an indication of passive hyperaemia in 
the ear. Similarly, active vasodilatation in the ear was shown as an upward movement 
on the photo-cell record in conjunction with a fall in systemic blood pressure. 

Finally, the positions of the electrode tracks and the points stimulated were determined 
by preparing sections of the brain which were stained with haematoxylin and eosin. The 
results were plotted on maps of frontal sections of the diencephalon which were adapted 
from the atlas of Jasper and Ajmone-Marsan (1955). 


Results 
(A) RESPONSES OF INTRA-OCULAR PRESSURE TO DIENCEPHALIC STIMULATION 


This account is based upon the results of 977 stimulations in 35 cats, and 
the frequency of the responses of the intra-ocular pressure can be summarized 
as follows. In about 17 per cent. of the stimulations there was a fall in 
intra-ocular pressure, in about 38 per cent. of stimulations a rise, and in the 
remaining stimulations no significant response. 

It was apparent that division of the responses of the intra-ocular pressure 
into falls and rises was only the first step in the analysis of the results; each 
of these groups could be sub-divided further, either according to certain 
characteristics of the response of the intra-ocular pressure or according to 
the relationship of the latter to accompanying effects. 


(In the following account, the eye on the same side of the mid-line as the stimulating 
electrode is called the “‘ipsilateral eye’’; the opposite eye is referred to as the ‘‘contra- 
lateral eye’’.) 


(a) Falls in Intra-ocular Pressure-—These were divided into (i) parallel, 
(ii) independent, and (iii) abrupt falls. In a few stimulations, there were 
falls in intra-ocular pressure which could not be classified with certainty. 


(i) Parallel Falls.—These were accompanied by a fall in systemic blood 
pressure and were regarded as direct consequences of the latter. The 
pressure in the eye and the blood pressure ran strictly parallel to one another. 
Such responses were relatively uncommon, being found in about 3-5 per cent. 
of the total number of stimulations. 


(ii) Independent Falls.—These occurred in about 5-5 per cent. of the 
stimulations and were of far greater interest, since they were not dependent 
upon a fall in systemic blood pressure, and occurred as components of a 
highly characteristic response pattern which in its complete form consisted 
of the following: 

(1) A fall in pressure in one or both eyes. 


(2) A rise in blood pressure. 
(3) Bilateral pupillary dilatation. 
(4) Retraction of one or both nictitating membranes. 


(5) Vasoconstriction in the skin of the ear. 
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Pupillary dilatation and cutaneous vasoconstriction occurred in about 90 
per cent. of the responses; the least constant feature of the response pattern 
was retraction of the nictitating membranes, which was present in only 
about 30 per cent. of responses showing an independent fall in intra-ocular 
pressure. Preganglionic division of the cervical sympathetic trunk abolished 


independent falls (Fig. 1). 
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Fic. 1.—Effect of preganglionic cervical symp tomy on ind dent falls in intra-ocular pressure. 





In this and succeeding records, the interval Soneeh consecutive vertical lines represents a period 
of 60 sec. 
The tip of the stimulating electrode was 12 mm. anterior to the inter-aural line, 3 mm. to the right 


of the mid-line, and 0-5 mm. above the upper border of the anterior column of the fornix. 
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The effects of three successive stimulations of the same point in the 
hypothalamus are illustrated; the tip of the electrode was 12 mm. in front of 
the inter-aural line, 3 mm. to the right of the mid-line, and slightly above 
the level of the anterior column of the fornix. The response to the first 
stimulation consisted of a rise in blood pressure, bilateral reduction of 
intra-ocular pressure, bilateral pupillary dilatation, and vasoconstriction in 
the skin of both ears (shown as downward movements of the photo-cell 
recordings); the typical response pattern was thus complete apart from 
retraction of the nictitating membrane. The right sympathetic trunk was 
then divided and, in the subsequent stimulation, there was no fall in pressure 
in the right eye and no vasoconstriction in the right ear. Immediately after 
the second stimulation, the left cervical sympathetic trunk was divided and, 
in the subsequent stimulation, neither eye showed a reduction in pressure 
and vasoconstriction was absent in the skin of the ears. Three other experi- 
ments gave similar results; in one of these, retraction of the nictitating 
membrane occurred in the initial response but was eliminated by cervical 


sympathotomy. 


(iii) Abrupt Falls—These occurred in about 5 per cent. of the total 
number of stimulations and could be differentiated clearly from the inde- 
pendent falls just described. As the term “abrupt fall” suggests, the first 
distinguishing feature was that the fall in intra-ocular pressure was rapid, 
the lowest level being reached within 5 seconds of starting the stimulation, 
whereas the independent fall in intra-ocular pressure was not complete until 
about 15 seconds after starting the stimulation. Secondly, a very small but 
definite ocular movement accompanied almost half the abrupt falls. Thirdly, 
80 per cent. of abrupt falls were accompanied by a slight relaxation of the 


‘nictitating membrane which was shown as a downward movement of the 


corresponding photographic record. Lastly, abrupt falls in intra-ocular 
pressure could still be obtained after preganglionic cervical sympathotomy. 


(b) Rises in Intra-ocular Pressure.—These were divided into (Z) parallel, 


(ii) muscular, (iii) fast, (iv) independent, and (v) slow rises. A few responses 
could not be classified. 


(i) Parallel Rises——These depended upon concomitant rises in the 
systemic blood pressure. They were found in about 22 per cent of the total 
number of stimulations. The rises in intra-ocular pressure and blood 
pressure ran strictly parallel courses, but the vascular responses in the skin 
of the ears were variable. Sometimes the record from the photo-cells ran 


_ parallel with the tracings of the blood pressure and intra-ocular pressure: 


that is to say, there was an indication of an increase in the amount of blood 
in the tissues of the ears; taken in conjunction with the rise in blood pressure, 


this vascular reaction was interpreted as a passive hyperaemia. In other 
stimulations, the movement of the photo-cell record was in the opposite 
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direction, indicating active vasoconstriction in the tissues of the ear. 70 per 
cent. of parallel rises in intra-ocular pressure were accompanied by active 
vasoconstriction in the ear, 17 per cent were accompanied by passive hyper- 
aemia in the ear, and in the remainder the vascular reaction was indefinite. 

(ii) Muscular Rises.—In a few stimulations there was a slight oscillation 
of the eye, the lids, or the nictitating membrane, together with a small rise 
in intra-ocular pressure. The latter was called a “muscular” rise in intra- 
ocular pressure because it was reasonable to assume that the increase in the 
pressure in the eye was a consequence of external pressure on the globe from 
neighbouring muscles. 

(iii) Fast Rises——These proved to be of particular interest. Many of 
these rises were accompanied by rises in systemic blood pressure but could 
not be considered dependent upon the latter for two main reasons: first, the 
rise was rapid, the highest level of intra-ocular pressure being reached before 
the peak of the blood pressure (Fig. 2), and, secondly, the rise was frequently 
greater than would be expected from the rise in blood pressure. 
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ELECTRODE 
MOVED 
Fic. 2.—Fast rises in intra-ocular pressure. 
For Stimulus 1, the tip of the electrode was 12 mm. anterior to the inter-aural 
line, 2 mm. to the right of the mid-line, and 1-5 mm. above the upper border 
of the anterior column of the fornix. At E, the electrode was moved 1 mm. 
downwards for Stimulus 2. 
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Fig. 3 illustrates four other features of this response: 
(1) The fast rise is much more marked in the ipsilateral (left) eye than in the 
contralateral eye; 
(2) It is sometimes accompanied by a fall in systemic blood pressure; 


(3) There is no evidence of vasodilatation in the skin of the ear as shown by the 
downward movement of the photo-cell tracing; 


(4) Repetition of stimulation after an interval of 5 minutes gave a much smaller 
rise in pressure in the eye; in order to obtain an undiminished rise it was necessary 
to prolong the interva} between stimulations to 15-20 minutes. 
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Fic. 3.—Fast rises in intra-ocular pressure. 
For both stimuli the tip of the electrode was 13 mm. anterior to the inter-aural 
line, 2:5 mm. to the left of the mid-line, and 0-5 mm. above the lower border of 
the anterior column of the fornix. 
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There was never the slightest evidence of ocular movement nor of any other 
muscular activity near the eye. Also, fast rises in intra-ocular pressure were 
unaffected by cervical sympathotomy and excision of the superior cervical 
ganglion. 

In view of these observations, a vascular causation was suspected and this 
possibility was investigated as follows. In the same animal, three types of 
rises in intra-ocular pressure were studied: 

(1) “Muscular”’ rises, obtained by stimulating a branch of the facial nerve to the 
orbicularis oculi; 

(2) “Vascular” rises, obtained by releasing a clamp applied to the common 
carotid artery 60 sec. previously; 

(3) Fast rises, obtained by diencephalic stimulation. 


The level of pressure in the eye was adjusted by connecting a saline reservoir 
directly to the pressure-recording system for a few seconds and the effect of 
varying the initial level of intra-ocular pressure upon the magnitude of 
**muscular’’, “‘vascular’’, and fast rises was observed. The results of one 
experiment are shown in Fig. 4. 
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Fic. 4.—Variation of muscular,‘ vascular’’, and fast rises in intra- 
ocular pressure with initial pressure. 

O =“Vascular” rises on discontinuing carotid occlusion. 

@ = Muscular rises on stimulating nerve to orbicularis oculi muscle. 
+ =Fast rises in response to diencephalic stimulation. 
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Rises in intra-ocular pressure due to external muscular pressure do not 
vary markedly with the initial pressure in the eye, while rises due to a sudden 
increase in the arterial supply to the eye increase greatly in magnitude as the 
initial intra-ocular pressure increases; the variation of fast rises with the 
initial level of intra-ocular pressure resembles that of the “‘vascular” rises 
and not that of the “muscular” rises. Similar results were obtained in two 


other experiments. 


(iv) Independent Rises.—These were accompanied by a steady or 
diminishing blood pressure. The rise of pressure in the eye never exceeded 
5 cm. of saline, but, unlike the fast rises, this effect remained constant in its 
magnitude during stimulation and was equal in the two eyes. Judged from 
the photographic record alone, independent rises appeared similar to some 
of the muscular rises in intra-ocular pressure, but there was never the slightest 
evidence of any muscular activity in the region of the eye. These independent 
rises were not often encountered when the stimulating current had the 
characteristics usually employed in this study, i.e. damped pulses of 12-5 msec. 
duration at a frequency of 8 c/s; they became more evident when rectangular 
pulses of 1 msec. duration at a frequency of 30 c/s were used. The vascular 
reactions in the skin of the ears were usually insignificant. Fig. 5 (over- 
leaf) shows independent rises in intra-ocular pressure and illustrates some of 
the features mentioned above. 


(v) Slow Rises—These were so named because the maximum rise in 
pressure was reached only at the conclusion of the 60 sec. period of stimula- 
tion. Slow rises, although small in magnitude and uncommon, were of some 
interest because they were accompanied by an unchanged or falling blood 
pressure together with an increase in the blood content of the ears, suggesting 
that there was active vaso-dilatation in these tissues. 


Pupillary dilatations were obtained from many areas of the diencephalon, 
as in earlier studies. Pupillary constrictions were occasionally obtained 
from the extreme anterior portion of the hypothalamus, 15 mm. anterior to 
the inter-aural line and 1-2 mm. above the optic chiasma, but they were not 
regularly associated with any particular type of response of the intra-ocular 


pressure. 


(B) LOCALIZATION IN THE DIENCEPHALON OF THE POINTS FROM WHICH 
RESPONSES OF THE INTRA-OCULAR PRESSURE WERE ELICITED 


In the majority of experiments described in the preceding section, the 
electrode tracks were identified satisfactorily in the histological preparations, 
and 855 points with their corresponding responses could be plotted on maps 
of the diencephalon. The points stimulated were distributed fairly evenly 
throughout the diencephalon in frontal planes 8 to 15 mm. anterior to the 
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STIMULUS | “STIMULUS 2 STIMULUS 3 
Fic. 5.—Independent rises in intra-ocular pressure. 


Stimuli 1 and 3 with rectangular pulses of 1 msec. duration at 30 c/s. 

Stimulus 2 with damped pulses of 12-5 msec. duration at 8 c/s. 

For all three stimuli, the tip of the electrode was 9 mm. anterior to the inter-aural 
line, and 1 mm. to the right of the mid-line at the lower border of the thalamus. 


inter-aural line, and extending from the mid-line for a distance of about 
6 mm. laterally. 

The points from which rises in blood pressure were obtained occurred 
most frequently in the posterior part of the hypothalamus, while the points 
yielding falls in blood pressure were more commonly found in the anterior 
regions; nevertheless, there was considerable intermingling of points giving 
the two types of reaction. Consequently, the points yielding parallel rises 
and parallel falls in intra-ocular pressure were scattered similarly throughout 
the diencephalon. 

With regard to the other reactions of the intra-ocular pressure, it can be 
said that the points from which a particular response was elicited were neither 
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scattered randomly throughout the whole diencephalon nor limited to small 
circumscribed areas. 

For example, almost 90 per cent. of the points yielding independent falls 
in intra-ocular pressure were located in the hypothalamus, and none was 
more than 13 mm. anterior to the inter-aural line; however, within this part 
of the hypothalamus, the points showed no clear grouping apart from a 
possible concentration in an area extending for about 1-5 mm. around the 
anterior column of the fornix. Also, many points within this relatively large 
hypothalamic area were stimulated and did not yield independent falls in 
intra-ocular pressure. The distribution of points giving independent falls in 
intra-ocular pressure in a frontal plane 11 mm. anterior to the inter-aural 
line is shown in Fig. 6. 











Fic. 6.—Localization of points giving independent falls in pressure in the ipsilateral 
eye in a frontal plane 11 mm. anterior to the inter-aural line. 

Y Points giving rise in blood pressure together with fall in intra-ocular pressure. 
V Points giving above response together with retraction of nictitating membrane. 
© Points not giving the above responses. 


CC Corpus callosum. IC Internal capsule. 
Cd Caudate nucleus. MFB Medial forebrain bundle. 


Fil Nucleus filiformis. ° Optic tract. 
Fornix. - Paraventricular hypothalamic nucleus. 


Lateral hypothalamic area. Supra-optic nucleus. 
Posterior hypothalamic nucleus, TMT Mamillo-thalamic tract. 
HVM Ventromedial hypothalamic nucleus. VA Nucleus ventralis anterior of thalamus. 


Abrupt falls in intra-ocular pressure were obtained from points which 
were scattered widely throughout the diencephalon but did not lie more than 
12 mm. anterior to the inter-aural line. Most of these points were located 





660 J. GLOSTER 


in a frontal plane 8 mm. anterior to the inter-aural line, i.e. at the caudal 
limit of the region studied. 
Muscular rises in intra-ocular pressure were elicited predominantly from 


points in or close to the internal capsule and from points in the posterior 
hypothalamus and subthalamus. 


Fast rises in intra-ocular pressure were elicited from a fairly localized area. 
The most anterior points yielding this response were in a plane 13 mm. in 
front of the inter-aural line and lay dorsally and laterally to the anterior 
column of the fornix. At distances of 11 and 12 mm. anterior to the inter- 
aural line they formed a group lying dorsal to the anterior column of the 
fornix as shown in Fig. 7. 











Fic. 7.—Localization of points giving fast rises in pressure in the ipsilateral eye in 
a frontal plane 12 mm. anterior to the inter-aural line. 


A Points giving fast rises in intra-ocular pressure. 
© Points not giving this response. 


Corpus callosum. Internal capsule. 
Caudate nucleus. Medial forebrain bundle. 
Nucleus filiformis. OT Optic tract. 
Fornix. Paraventricular hypothalamic nucleus. 
Lateral hypothalamic area. O_ Supra-optic nucleus. 
Posterior hypothalamic nucleus. Mamillo-thalamic tract. 
HVM Ventromedial hypothalamic nucleus. VA_ Nucleus ventralis anterior of thalamus. 
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Traced caudally, other points were found as far back as the posterior 
limit of the area investigated but their distribution became more scattered. 

Independent rises in intra-ocular pressure were obtained from stimulations 
in planes up to 11 mm. anterior to the inter-aural line, the points yielding 
these responses being almost always in the thalamus and extreme dorsal 
regions of the hypothalamus and subthalamus. 

Slow rises in intra-ocular pressure were elicited mainly from points in 
planes 13 to 15 mm. anterior to the inter-aural line. Although showing a 
slight tendency to be more frequent in the lateral parts of the pre-optic 
region and anterior hypothalamus, these points showed no distinct grouping. 


Discussion 

When these results are considered in relation to the regulation of intra- 
ocular pressure, it is clear that those responses of the intra-ocular pressure 
which were merely reflections of changes in systemic blood pressure or 
which were caused by muscular pressure on the eye are of no significance. 
Parallel rises and parallel falls in intra-ocular pressure were clearly reflec- 
tions of concomitant changes in systemic blood pressure. Abrupt falls in 
intra-ocular pressure, which were accompanied very frequently by visible 
ocular movement or by relaxation of the nictitating membrane, must be 
attributed to some change in the tone of the extra-ocular muscies, while the 
so-called “‘muscular”’ rises are to be regarded as the results of external 
pressure on the globe. When such reactions are eliminated, there remain 
as possible manifestations of a regulatory system the independent falls, 
and the fast rises, independent rises, and slow rises in intra-ocular pressure. 

An essential requirement of any component of a regulatory system is that 
it should be capable of producing a sustained alteration in pressure. In these 
experiments the emphasis was upon topographical considerations and it was 
necessary to use stimuli of relatively brief duration (60 sec.) in order to make 
practicable the exploration of the whole diencephalon. Therefore it is 
impossible to judge directly from these results whether any of the reactions 
enumerated above is sufficiently persistent to contribute to the regulation 
of intra-ocular pressure. 

In the case of the independent falls in intra-ocular pressure, however, there 
is some reason for believing that these could represent part of a controlling 
system, because it could be shown that the fall in pressure in the eye was 
mediated via the cervical sympathetic trunk. Greaves (1958) found that 
stimulation of the cervical sympathetic trunk for a period of half an hour 
caused a persistent reduction in intra-ocular pressure, and it is reasonable 
to conclude that excitation of the same nerve resulting from hypothalamic 
activity could also produce a persistent depression of intra-ocular pressure. 

It is less certain whether fast rises, independent rises, and slow rises in 
intra-ocular pressure represent components of a regulatory system. Again 
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the periods of stimulation were too short to show whether these reactions 
gave sustained alterations in intra-ocular pressure. At the present moment 
it can only be said that there exist diencephalic pathways which are concerned 
with ocular vasodilatation and, if their influence extended to the blood vessels 
of the ciliary processes, then a persistent increase in intra-ocular pressure 
could result from diencephalic influences. 

If mechanisms which regulate intra-ocular pressure are present in the 
diencephalon, then it would be expected that they would influence intra- 
ocular pressure only and that they would have no significant effect upon other 
parts of the organism. It was found that independent falls in intra-ocular 
pressure were frequently accompanied by rises in systemic blood pressure 
and by vasoconstriction in the skin of the ears. In view of these widespread 
systemic effects, it is inconceivable that this reaction, as a whole, forms part 
of a regulatory system for intra-ocular pressure. The same argument 
applies to fast rises, independent rises, and slow rises in intra-ocular pressure, 
which were commonly accompanied by alterations in systemic blood pressure. 
The question arises, therefore, whether such changes in intra-ocular pressure 
can occur as isolated events during diencephalic stimulation. In this series 
of experiments, small independent falls in intra-ocular pressure with vaso- 
constriction in the ear and without an accompanying rise in blood pressure 
occurred in only two responses and it is felt that little significance can be 
attached to these. It has been shown elsewhere (Gloster, 1959) that, under 
the experimental conditions described, the area of nervous tissue stimulated 
effectively extended for about 1 mm. from the tip of the electrode. Therefore, 
one cannot rule out completely the possibility that nervous elements exist in 
the diencephalon which are concerned specifically with ocular vasocon- 
striction, but that they are intermingled diffusely with other nervous path- 
ways mediating vasconstriction in other tissues. 

With regard to fast rises, independent rises, and slow rises in intra-ocular 
pressure, the position is even less clear, although, bearing in mind the in- 
constancy of the accompanying changes in blood pressure and of the 
cutaneous vascular reactions, a similar argument could be advanced for the 
existence in the diencephalon of nervous pathways which mediate rises in 
intra-ocular pressure. 

Regarding the general hypothesis that the intra-ocular pressure is con- 
trolled by a diencephalic nervous mechanism, the only conclusion to be 
drawn from the results of the present experiments is that the findings are 
compatible with this view. However, a definite conclusion can be reached 
with regard to the more specific hypothesis that control of intra-ocular 
pressure is effected by “centres” in the diencephalon. The only reasonable 
interpretation to be placed on the term “‘centre” is that of a relatively small 
circumscribed anatomical area which is concerned specifically with either 
reduction or elevation of pressure, although none of the supporters of the 
specific hypothesis, while freely using the word “centre”, has defined it 
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precisely. Accepting the definition just given, it is clear that the area from 
which independent falls in intra-ocular pressure were elicited is too large to 
be considered as a “centre”, especially as it was found that stimulation in 
this area did not invariably evoke a fall in pressure in the eye. The same is 
true regarding the areas from which rises in intra-ocular pressure were 
obtained; although division of these rises into homogeneous groups enabled 
a closer correlation to be made between the diencephalic area stimulated and 
a particular type of rise in intra-ocular pressure, none of these areas was 
sufficiently small and circumscribed to justify the use of the term “‘centre”’. 
It must be concluded that these experiments have failed to demonstrate the 
existence in the diencephalon of any areas specifically concerned with eleva- 


tion or reduction in pressure in the eye, and therefore the hypothesis that the 
intra-ocular pressure is controlled by diencephalic “‘centres” must be 
rejected. Since it is impossible, on the basis of the present work, to reject 
the general hypothesis of diencephalic control of intra-ocular pressure, 
the possibility remains that such control is effected by a diffuse network 
of nervous elements distributed throughout the thalamus and hypothalamus. 


Summary 
(1) The diencephalon was stimulated in anaesthetized cats and the 


responses of the intra-ocular pressure and blood pressure, vascular reactions 
in the skin of the ears, and movements of the nictitating membranes were 


recorded. 


(2) Falls in intra-ocular pressure during diencephalic stimulation could be 
divided into: 
(i) Parallel falls, in which the pressure in the eye followed a course parallel to a 
fall in the systemic blood pressure. 
(ii) Independent falls, in which the pressure in the eye fell despite a concomitant 
rise in the blood pressure. 
(iii) Abrupt falls, due to a change in the tone of the extra-ocular muscles. 


(3) Rises in intra-ocular pressure during diencephalic stimulation could be 
divided into: 
(i) Parallel rises, which reflected concomitant rises of the systemic blood pressure. 
(ii) Muscular rises, due to increased pressure of the extra-ocular muscles on the 
globe. 
(iii) Fast rises, which were frequently accompanied by but not dependent upon a 
rise in the blood pressure. 
(iv) Independent rises, which were associated neither with rises in blood pressure 
nor with extra-ocular muscular activity. 
(v) Slow rises, which were often accompanied by a fall in blood pressure. 
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(4) In general, each type of response of the intra-ocular pressure was 
elicited from'a particular area of the diencephalon, but none of these areas 
was small or circumscribed. There was considerable overlapping of areas 
giving different types of response. Also, stimulation in any one of these 
areas did not invariably give the response characteristic for that area. 


(5) The results are discussed in relation to the central nervous regulation 
of intra-ocular/pressure. While the findings are compatible with the general 
hypothesis that the intra-ocular pressure is under diencephalic control, they 
are at variance with the specific hypothesis that such control is effected by 
“centres” in the diencephalon. 
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EVISCERATION UTILIZING AN INTRASCLERAL 
IMPLANT*+ 


BY 


CONRAD BERENS anp ARNOLD S. BREAKEY 
New York, N.Y. 


A RENEWED interest in evisceration, utilizing an intrascleral implant, has been 
apparent since the fear of sympathetic ophthalmitis has been largely dis- 
pelled by the reports of the results of evisceration in over 200 cases by 
Ruedemann (1958a, b), 190 cases by Poulard (1936), and 188 cases previ- 
ously reported by Berens, Carter, and Breakey (1956, 1957). The purpose 
of this paper is to evaluate more cases after a longer post-operative period 
and to discuss recent experiences with a steel-mesh covered implant. 


There appears to be no question that greater motility of the prosthesis is 
obtained after evisceration. There is less enophthalmos and deepening of 
the supra-tarsal sulcus than occurs after enucleation. 


Unless an eyeball is of particular interest for pathological study, there is 
no reason, except where evisceration is specifically contraindicated, to sacri- 
fice a patient’s appearance for the sake of enucleation. Careful evacuation 
of the contents of the eye during evisceration will preserve the ciliary body, 
iris, choroid, lens, and much of the vitreous body for histological examina- 
tion. nucleation may always be performed as a last resort if there is any 
microscopic evidence of involvement of the uveal tissues. 


Experience reveals that more patients will submit to evisceration than to 
enucleation because they are told that only the diseased portions of the. 
eye will be removed. More patients are willing to undergo surgery and there- 
fore the danger from sympathetic ophthalmitis and from an unrecognized 
intra-ocular tumour is probably lessened rather than increased. 


The main contraindications for evisceration are: the presence of sympa- 
thetic inflammation, malignant tumour of the eyeball, and absolute glaucoma, 
when there is any reason to suspect the presence of an intra-ocular tumour. 
Evisceration is usually contraindicated in phthisis bulbi with marked shrink- 
ing and in advanced degeneration of the eyeball. 





* Received for publication November 26, 1959. 

+ Aided by a grant from The Ophthalmological Foundation, Inc. From the Department of Ophthalmology, New 
Mo University Post-graduate School of Medicine, and the Department of Research, New York Association for the 
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The diagnosis in 230 cases of evisceration{ using an intrascleral implant, 
observed for from 1 to 16 years, is shown in the Table. 


TABLE 


DIAGNOSIS IN 230 CASES OF EVISCERATION WITH INTRASCLERAL IMPLANT* 
Observed for from 1 to 16 years 





Diagnosis No. of Eyes 





iS) 


PPK WOD 


Cornea lacerated, Perforated eyeballs .. 
Cornea ruptured .. 

Corneal leucoma (Pseudomonas ‘aeruginosa infection in one) 
Corneal dystrophy, Painful Leia ‘i a : 
Enophthalmitis , 
Glaucoma, absolute 

Glaucoma, secondary 

Glaucoma, rene voll Iris bombé 
Glaucoma, haemorrhagic 

Glaucoma, Bullous keratitis 

Globe ruptured a 

Globe lacerated .. ee 
Iridocyclitis, chronic, with Glaucoma .. 
Panophthalmitis .. Ae ; 
Phthisis bulbi 

Retinal separation, Degeneration of globe 
Trauma. 

Trauma, Hyphaema, Secondary slaucoma 
Ulcer, hypopyon ; 

Ulcer, traumatic .. 

Not given 
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Total 








The original Rosa adult-size implant was inserted in 117 eyes. This im- 
plant was made of hollow plastic, spherical on the posterior two-thirds and 
flattened on its anterior surface, so that the retraction of the sclera produces 
a flat surface anteriorly. When the prosthesis is also flattened on its pos- 
terior surface to impinge upon the flattened surface of the stump, motion of 
the prosthesis is increased. To provide firm adhesion between the tissues 
‘and the implant, as well as to prevent rotation of the implant, the flattened 
anterior surface of the original Rosa implant was covered with steel-mesh and 
suture grooves were added, through which four double-armed braided white 
nylon (5-0) sutures may be preplaced.*+ The modified Rosa—Berens im- 
plant was inserted in the scleral shell in 113 eyes, producing excellent vertical 
and lateral motility, with minimal sinking of the upper eyelid. There was 
little or no discharge and no operative or post-operative complications. 





t We wish to express our appreciation to the following ophthalmologists who submitted case repo 

Drs. Allen; Auten; Blake; Burch; Callahan; Carter; Chamichian; Cole; Culler; Cuthbert; Frell; Gal: "Girard: Goar; 
Halberg; Hartmann; Hill; Holmes; James; Lebensohn; Lymberis; Marchman, a3 Matthews; Newell; Thomas: 
Town; Venable; Wenaas. 

The report also includes the authors’ private patients. 

* Implants made by the American Optical Co., Southbridge, Mass. 

+ Sutures made by the American Cyanamid Co., Danbury, Conn. 
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Results 


Although excellent cosmetic and functional results were reported in 104 
of the 117 cases using the original Rosa implant observed for from 6 to 16 
years, extrusion of the implant occurred in five cases (4 per cent. of the 
total). Extrusion of two of the implants occurred because the adult-size 
implants were used in shrunken globes in which the scleral shells were too 
small to retain the implants, and for this reason the modified implants are 
now being made in three sizes : 








Size Measurements (mm.) 
Adult 18 x 17 x 13 
Juvenile 16 x15 x 11-5 
Infant 14x13 x10 








A necrosis of the posterior segment of the globe may have caused the 
extrusion of an implant reported by Callahan (personal communication). 
In a fourth case, a large blood clot was found behind the implant which 
may have caused increased tension and reopened the wound, accord- 
ing to Hartmann (personal communication). It is essential to control 
haemorrhage before the implant is inserted, and to make holes in the sclera 
for drainage. The fifth implant was extruded after a severe intra-ocular 
haemorrhage which occurred on the third post-operative day, and a marked 
muco-purulent discharge was seen for several days after the extrusion. This 
was considered to be due to severe chemosis of the tissues following a retro- 
bulbar injection of alcohol, which is no longer practised. 


Retention of the cornea in evisceration, as originally described by Burch 
(1940) and modified by Ruedemann (1958a, b), permits the use of a larger 
implant to replace the entire orbital volume than when the cornea is excised. 
However, the presence of corneal tissue necessitates the most exacting pros- 
thetic fitting of a very thin shell to avoid corneal necrosis (Cole, personal 
communication). Necrosis has been reported by Hughes (1948) in one eye, 
and by King (personal communication) in seven of twelve eyes observed after 
using the Burch method of evisceration. Enucleation of these seven eyes 
was found to be necessary because these eyes continued to be congested and 
painful in spite of treatment. 

Some question of ptosis has arisen in association with the Burch technique 
and its modifications. Adhesions of the superior rectus to the underlying 
scar and suture line, may produce ptosis. 

Poulard (1936) retains the cornea (which he calls the old method) only in 
cases of great diminution of the volume or atrophy of the globe, when the 
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sclera alone does not suffice to surround the implant with sufficient space 
to allow for contraction. 

In comparing the results of evisceration with the cornea left intact with 
those in cases in which the cornea was excised, oculists representing three 
leading manufacturers of prostheses felt that it was more difficult to fit a 
prosthesis with the cornea present than where the cornea had been removed. 
So far as the cosmetic appearance was concerned, all felt that either method 
afforded excellent cosmetic and functional results, and were superior to 
the results obtained by enucleation. 

It would appear that there should be greater sensitivity with the cornea 
left intact, resulting in more discomfort, secretion, and tearing, than. when 
the cornea is excised. Ruedemann (1958b) reports that “pain may persist 
for several weeks”. However, more cases in which these procedures have 
been employed should be observed over an adequate post-operative period 
before a final evaluation of the two methods is attempted. 

It is important for the ophthalmologist to inform the optician of the type 
of implant that has been employed (i.e. with flattened or rounded anterior 
surface) so that proper fitting of the prosthesis may be obtained. For best 
results in fitting and the elimination of “‘dead spaces” between the pros- 
thesis and the stump, which minimizes secretion, a mould of the socket 
should be made. 


Technique of Evisceration with Intrascleral Implant 


Retrobulbar transillumination should be performed on the operating table 
to determine whether or not a tumour is present in the eyeball. 

A scleral section is made from 9 to 3 o’clock with a cataract knife, 1 mm. - 
posterior to the limbus after undermining the conjunctiva circumcorneally to a 
depth of 10 mm. (Figs 1 and 2). 


Fic. 1.—A circumcorneal conjunctival incision Fic. 2.—A scleral section, from 9 to 3 
is made 1 mm. from the limbus and under- o’clock, is made 1 mm. from the limbus. 
mined for a distance of 10 mm. 
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The corneo-scleral section is completed with scissors and wedge-shaped pieces of 
sclera are excised at the ends of the horizontal meridian of the incision (Fig. 3). 
If possible, the intra-ocular tissues are evacuated in one piece with a spoon. 
All remaining shreds of uveal pigment should be carefully removed from the 
sclera, using an illuminated retractor (Berens, 1947) to improve visualization 


5 wen ae H ST RLS OT OLE Sie. rie 3 
Fic. 3.—The corneo-scleral section is com- Fic. 4.—The intra-ocular tissues are evac- 
pleted with scissors. Wedge-shaped pieces uated with a spoon, in toto if possible. An 
of sclera are excised at the ends of the hori- __ illuminated retractor is used to improve the 
ipa meridians of the incision (see dotted visualization of scar and pigment. 
ines). 


Scleral scars are excised and the edges of these wounds united with double-armed 
5-0 braided white Nylon mattress sutures. The optic papilla is curetted to the 
same level as the surrounding sclera to prevent secondary irritation of the nerve by 
the implant, and the scleral shell is carefully examined under direct illumination. 
The shell is swabbed carefully with tincture of metaphen. 

Haemorrhage is controlled with a compressor (Berens, 1952) and adrenalin- 
soaked gauze packed into the scleral shell. If haemorrhage persists, the bleeding 
points may be cauterized with deliquescent crystals of trichloracetic acid. 

From six to eight double-armed 5-0 braided white nylon sutures are passed 
through the superior scleral lip, 2 mm. from the wound edge, and then passed 
intra-sclerally through the inferior scleral lip, to emerge 2 mm. below the edge of 
the inferior scleral wound. 

Four double-armed 5-0 braided white nylon sutures are passed through the 
steel mesh and the four grooves in the implant of suitable size (Fig. 5, overleaf) 
to permit some scleral shrinkage. 

The introduction of these sutures may be facilitated by holding the implant in 
an introducer for spheres (Fig. 6, overleaf). 

The hollow plastic implant with the four preplaced sutures is inserted into the 
scleral shell, with the spherical surface posteriorly. Two of the sutures are 
brought through the sclera at the ends of the horizontal meridian, and the other 
two at the ends of the vertical meridian; these are then tied securely on the scleral 
surface. Incisions 5 mm. in length are made with scissors, 10 mm. from the 
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Fic. 5.—Four double-armed 5-0 Nylon Fic. 6.—The introduction. of the 
sutures are preplaced through the four sutures may be facilitated by 
steel mesh and the grooves in the hollow holding the implant in a, sphere 
plastic implant. introducer. 


sutured scleral wound, below and temporally and above and nasally, as suggested 
by Summerskill, to facilitate drainage of blood and serum (Fig. 7). 


Fic. 7.—From six to eight double-armed 5-0 
braided Nylon sutures are introduced through 
the lips of the scleral wound. The implant 
with preplaced sutures is inserted into the 
scleral shell. Two of the implant sutures are 
brought out at the ends of the horizontal 
meridian, the remaining two at the ends of the 
vertical meridian. The sutures are tied closing 
the scleral wound. Scleral incisions to facili- 
tate drainage are made 10 mm. from the scleral 
wound, above, below, temporally, and nasally. 
The implant sutures are then tied. 


(Inset) The conjunctival wound is closed 
with a centrally locked running catgut suture. 





The preplaced mattress sutures are tied and the conjunctival wound is closed 
with a running centrally locked 5-0 plain catgut suture (Fig. 7, insert). 
Antiseptic ointment and a pressure dressing are then applied. 


Summary and Conclusions 


Several failures in the 117 cases observed for from 6 to 16 years in which 
the original Rosa intrascleral implant was inserted after evisceration resulted 
in several changes being made both in the implant and in the operative 
technique. 

The modified Rosa-Berens hollow plastic intrascleral implant with steel 
mesh cap and suture grooves, made in adult, juvenile, and infant sizes, was 
used in 113 cases. These patients were observed for from 1 to 5 years, and 
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the cosmetic results and motility were excellent. There were no operative 
or post-operative complications. Since the paper was written, one implant 
has been extruded; infection seemed the most likely cause. 

No case of sympathetic ophthalmitis was reported in the entire series of 
230 eyes after evisceration, nor in over 400 cases reported in the literature, 
with or without retention of the cornea. 

In retaining the cornea, a larger implant may be employed to fill the orbital 
volume, but several cases of corneal necrosis have been reported after the 
use of this method. Since the prosthesis over the cornea must be made 
accurately and must be very thin, this complication may have resulted from 
an ill-fitting prosthesis. 

Both methods afford good motility and satisfactory appearance, and it is 
clear that, where not contraindicated, evisceration should be performed in 
preference to enucleation. 
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VISUAL AIDS FOR THE PARTIALLY SIGHTED* 
BY 


E. GUNSTENSEN 
From the Eye Department, Royal Infirmary, Edinburgh 


DEFINITION OF PARTIALLY SIGHTED PERSONS 


Tuose who are substantially and permanently handicapped by defective vision 
resujting from illness, injury, or congenital deformity may be described as partially 
sighted. The following criteria are suggested as a general guide in estimating 
“substantial handicap”: 
(1) Visual acuity 3/60 to 6/60, with full visual fields. 
(2) Visual acuity up to 6/24, with moderate contraction of the visual fields, opacities 
of the ocular media, or aphakia. 


' @) Visual acuity of 6/18 or better, if gross visual field defects (e.g. hemianopia, pig- 
mentary degeneration, etc.) are present. 


VISUAL AIDS AVAILABLE 


(1) Binocular telescopic “bar type”’ units. 
These units have changeable pupillary distance bars allowing for distance between 


52 and 74mm. The magnifications produced are 2, 3, 4, and 5 x. 
(2) Uniocular telescopic units with magnifications of 6, 8, and 10 x. 
(3) Full field binocular units with magnifications of 1, 6, and 2 x. 
(4) Full field uniocular units with magnifications of 2, 3, 4, 6, and 8 x. 
(5) Illuminated hand-magnifier with magnifications from 10 to 20 x. 


SCOPE OF INVESTIGATION 


The use made of these visual aids formed part of a general inquiry concerning 
the partially sighted patients who attended the Eye Department of the Royal 
Infirmary, Edinburgh, during a period of 1 year and 8 months. The objects of the 
investigation were as follows: 

(1) To find out the effectiveness of visual aids in restoring useful near and distance 

vision. 

(2) To find out how the use of a visual aid influenced the patient’s mode of life, especi- 

ally with reference to work, study, reading, etc. 

(3) To establish some criteria as a guide to the prescribing of visual aids. 

(4) To demonstrate the various pathological conditions of the eye in which visual aids 

may be helpful. 





* Received for publication December 11, 1959. 
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METHOD OF EXAMINATION 


All the patients Were examined. at the Eye Department of the Royal Infirmary. 


An explanation of the aims of the investigation was given to each patient and it 


was emphasized that in order to achieve good results the use of a visual aid de- 
manded good light, keenness, and concentration. The introductory interview 


served to give some idea of the patient’s mental fitness to use an aid to the best 
advantage. 

The mode of onset and the degree and duration of the visual failure were noted 
as well as any deterioration in vision in the week or fortnight before the examina- 
tion, which might indicate the presence of an active pathological process. Short 
notes were also taken of the patient’s general health, with special reference to the 
cardiovascular system and diabetes. 

The next stage was the actual testing of the patient’s visual acuity with and 


without glasses, using the Keeler “A” Series. The visual acuity was estimated by 
the “A” Series and by reference to a Table so compiled that the magnification 


required could be read off. The appropriate visual aid was then tried. In 
practice it was often found that the usefulness of the visual aid indicated could be 
improved by changing the magnification. If one type of aid did not prove success- 
ful other types were tried. 

The 231 patients tested were taken from the total number registered at the Royal 
Infirmary as partially sighted. Some were also on the official Blind Register. 

The young and middle-aged were tested first, as these patients, apart from their 
defective vision, were fit for normal schooling, study, or work. 

On the whole the “A” Series proved to be a good guide to the visual aid to be 
tried. In nearly all cases tested only the near vision was dealt with as this was the 
main handicap complained of, but two patients were given distance visual aids 
which would be helpful in their work. 

Table I shows that visual aids were supplied to 100 patients (50 men and 50 
women), representing 43:2 per cent. of the total. 


TABLE I 
USE OF VISUAL AIDS BY 231 PATIENTS 























Sex 
Classification of Cases 

Male | Female | Total 

Supplied with visual aid | 50 | 50 100 

Not needing any visual aid 31 4A | 15 

Not improved with any visual aid | 21 12 | 33 
Not interested or unfit for any visual aid 4 | 19 | 23 
Total Cases Examined | 106 | 125 | 231 





43 
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OcuLAR PATHOLOGY 

__ As was to be expected, most of the patients were in’ the older age groups, and 
these all showed degenerative changes related to their age or general state of health. 
The middle-aged and younger patients were suffering from inflammatory, trau- 
matic, hereditary, and congenital conditions. In a few cases the condition was 
cerebral in origin, vascular accidents or brain tumours interfering with the optic 
pathways. 

The ocular pathology and the number of visual aids supplied in each group are 
set out by sex in Table IJ. Seventeen different pathological conditions were seen. 
In cases of mixed pathology only the main factor responsible for the visual failure 
is indicated. 

TABLE II 


PATHOLOGICAL CONDITIONS RESPONSIBLE FOR VISUAL FAILURE 
AND AIDS SUPPLIED, BY S 

































































Total Cases Visual Aids Supplied 
Condition 

Male | Female | Total | Male | Female | Total 
Macular Degeneration is | 399 | 57 ed ey tae ee 
Myopic Degeneration 22 22 a4 10 10 20 
Cataract 17 16 33 3 1 4 
Optic Atrophy 11 2 13 8 — 8 
Glaucoma 10 3 13 5 =~ =] 
Diabetic Retinopathy 3 18 21 2 8 10 
Iridocyclitis 4 3 7 2 3 5 
Retinitis Pigmentosa 3 Z 5 2 — 2 
Retinal Detachment 4 3 7 2 — 2 
Chorio-Retinitis 4 3 7 — 2 2 
Corneal Scarring and Dystrophy 4 4 8 1 3 4 
Interstitial Keratitis — 3 3 — — _ 
Retinal Vessel Occlusion 2 3 5 2 = 2 
Hemianopia 1 1 2 == — — 
Albinism 1 1 2 1 1 2 
Sympathetic Ophthalmitis Y eee 1 3 2 1 ie 
Disseminated Choroiditis - 1 1 -— a — 
Total 106 125 231 50 50 100 























Macular degeneration forms the largest group. The females outnumber the 
males by nearly 2 to 1, and the average age is 70 years for both sexes. 











VISUAL AIDS FOR THE PARTIALLY SIGHTED 675 


Myopic degeneration forms the second largest group, the sexes and the number 
of visual aids ordered being evenly distributed. The average age is 53 years for 


males and 60 for females. This group contains the largest number of patients not 
needing visual aids, their reading vision being adequate with or without glasses.- 
The cataract cases comprise a mixed group. The majority of patients with 
senile cataract had had their cataracts operated upon between the time of their 
registration as partially sighted and the visual aid trials, and consequently no 
longer needed any visual aid. A few patients with congenital cataract have had 
their reading ability greatly improved, and they have all had needling operations. 


All patients in the glaucoma group show visual field changes and most of them 
have had drainage operations. The patients supplied with visual aids have had 
good results, reading N5 and maintaining that vision for a period of 6 months to 
one year. This group includes one of the patients to whom a distance visual aid 
has been supplied. His near vision is satisfactory but his distance vision with 
correction is 6/36 in the right eye and hand movements in the left. He works 
in a grocer’s shop and used to find it very difficult to read labels, etc., on articles 
on shelves, but with a right monocular telescopic unit of 24 magnifications, he 
can manage his work very well. 


The great majority of diabetic patients were females. This proved a rather 
difficult group as the retinopathy of the diabetic fundus is variable and causes 
frequent fluctuations in the visual acuity. Several trials were needed, with inter- 
vals of 2 months between each trial, and only those patients in whom the disease - 
appeared to be stable could be supplied with visual aids. 

Optic atrophy due to different causes responded quite well to the visual aids. 
A patient with frontal meningioma with optic atrophy, who had been operated 
upon years ago, could read only with the greatest difficulty, but a right monocular 
telescopic unit of 8 x enabled him to read N6. A patient with a supracellar cystic 
tumour with field defects could read N6, post-operatively, using a left monocular 
telescopic unit of 3 x. 

An elderly patient aged 76 years, who developed bilateral optic atrophy due to 
temporal arteritis, has had his reading vision improved to N8 and then to N6 
by a visual aid. 

The use of visual aids in retinal detachments has proved to be of great value in 
two cases. One had a bilateral detachment of many years’ duration. After a 
detachment operation to the right eye he could just manage N8 to N6 with a 
visual aid; a cataract then developed and since its removal the same visual aid 
enables the patient to read N6 comfortably. 


Two patients with sympathetic ophthalmitis have been given visual aids and 
in both cases N6 could be read. One is now able to attend an ordinary school 
instead of a Partially Sighted School; he reads N5 and is second in his class. 


VISUAL AIDS 


Telescopic spectacles have been in existence for many years and simple magni- 
fiers for many centuries. For practical purposes these aids, which are made 
mainly of glass, have been limited to powers of up to 6 x magnification. 
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Plastic materials have recently made it possible, however, to mould lenses in 
aspherical form and this has enabled magnifications to be greatly increased, in 
some cases up to 20 x with compound aspherical systems. 


Ordinary magnifiers always present the problem of peripheral distortion, but 
the aspherical telescopic lenses give good definition right to the edge of the lens, 
and patients with sub-normal vision can derive great benefit from this combina- 
tion of increased magnification with clarity. It is remarkable how flat and clear 
the reading material appears with a 20 x (+80 dioptres) compound magnifier. 


An innovation of the Keeler Low Visual Acuity Scheme provides binocular 
vision for close work with magnifications up to 5x. These binocular telescopic 
spectacles, which are quite light in weight and can be worn for a long time without 
discomfort, constitute a major step forward in helping the partially sighted to 
read. The principle of the lens is the same as that of any other magnifier in that 
it presents an enlarged image to the retina and so stimulates more cones. 


Fifty-six of the 117 cases supplied with a Keeler Aid were given binocular tele- 
scopic spectacles, 56 monocular telescopic spectacles, two a simple aspherical 
spectacle, two a distance telescopic spectacle, and one an illuminated hand 
magnifier. 


Method of Supply—The visual aids were supplied through an optician appointed 
for this work. These types of apparatus are not designed individually for any one 
eye, and it was therefore thought that it should be possible to recover the visual 
aid for further use if the eye condition of the user deteriorated, or if he died. 
The arrangement finally made was that the visual aid should be “lent” by the 
hospital to the patient as long as it helped him. If, however, his vision failed to 
such an extent that the aid was of no more use or if the patient died, the aid was 
returned to the Eye Department of the Royal Infirmary. In this way a “library” 
of visual aids has been built up for the re-issue to new patients. 

In the present series seven patients have died and the visual aids have been 
returned and one patient has given up using the visual aid because his vision has 
deteriorated. These aids had been in use for periods varying from 8 months to 
1 year. 

Patients who were supplied with visual aids were re-examined several times 
during the period of investigation. Most of them had maintained their visual 
improvement, but a few had deteriorated to some degree; even so a reading vision 
of N8 to N10 was obtained. In the future the Health Visitors will visit the 
patients and their investigations will include an inquiry into the continued use- 
fulness of the visual aid. 


The visual results in 109 cases are shown in Table III (opposite). 


THE PARTIALLY SIGHTED SCHOOL 


The Edinburgh School for the Partially Sighted was visited several times in 
order to find out if visual aids could be of any use in the training of pupils. Only 
those children who could read letters or words (24 cases) were tested. 
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TABLE Ill 


DETAILED ANALYSIS OF IMPROVEMENT GAINED WITH TELESCOPIC 
SPECTACLES 





Visual Acuity without Visual Acuity with Telescopic Spectacles 
Telescopic Spectacles 





NS N6 N8 Total 
N8 to N14 55 5 1 61 
N18 to N24 23 14 —_ 37 
N36 to N48 3 5 3 11 
Total 81 24 4 109 





























The pathological causes of poor vision in these 24 children and results of supply- 
ing visual aids to nine of them are shown in Table IV. 


TABLE IV 
VISUAL AIDS SUPPLIED TO PATIENTS AT THE PARTIALLY SIGHTED SCHOOL 





: ve No. of No. of Visual 
Pathological Conditions Children Aids Supplied Results 





Myopia 9 3 Reads NS at a 
good distance 





Hypermetropia —_— 
Congenital Cataract Reads N6-N5 
at a good 
distance 
Albinism Reads NS 


Choroiditis 2 Reads N5 














Retrolental Fibroplasia Reads letters 
at 5 to 6 in. 





Total 24 — 














All the cases of cataract which were tested had been operated upon. Most of 
the children not supplied with visual aids had good reading vision with their own 
glasses or could read unaided, but a few had not had sufficient training to be able 
to use a visual aid properly. All the children supplied with an aid have since been 
re-examined and they are happy to be able to read in comfort with its help. The 
speed and eagerness with which a child takes to the use of an aid is very encourag- 
ing. The school will be visited at intervals to re-examine those who were unable 
to use an aid at the first test and also to test new pupils. 


SUMMARY 


In the course of this investigation 231 partially sighted patients have been 
examined as to the usefulness of various types of visual aids. In all, one hundred 
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patients were supplied with aids, 75 patients did not need any visual aid as their 
reading vision was adequate, 33 showed no improvement with any of the aids 
available, and 23 were uninterested or unfit to use aid. All patients using the 
aids were re-examined several times, at intervals of 1 to 2 months. Apart from 
noting the state of vision, these re-examinations served as an opportunity of 
finding out to what extent the aid helped the user in his work, study, or retire- 
ment. In all cases it was found that the aid had made a contribution to the user’s 
mode of life, and in a few cases this assistance was exceptional, enabling the patient 
to study or increase his working efficiency. 

Most of the visual aids supplied aimed at improving the reading vision, only 
two patients being supplied with visual aids for distance. Seventeen different 
pathological eye conditions were encountered, and some of these, such as optic 
atrophy, glaucoma, and sympathetic ophthalmitis, reacted unexpectedly well to 
the aids. The majority of patients belonged to the older age group. 

The method of supplying the aids and the system of follow-up supervision is 
described. This has been an interesting study and it is hoped that it will serve to 
focus attention on the problem of partial sightedness and its relief by the provision 


of special aids. 


The following conclusions have been drawn: 
(1) Modern visual aids can restore useful vision to a considerable number of the 


partially sighted. Of the clinically non-selected partially sighted patients used in 
the survey, 43-2 per cent. were supplied with aids which gave them substantial 


help. 


(2) Many pathological conditions respond to the use of visual aids. 


(3) Criteria as a guide to the ordering of visual aids 


(a) The patient must be willing to co-operate. A good light, mental fitness, and deter- 
mination are essential for the achievement of good results. 

(b) The pathological condition must be reasonably stable in order to make the visual 
aid worth while. In certain cases a re-examination should be carried out before 
the decision to supply the aid is taken. 

(c) The use of a visual aid for one year may be regarded as justifying its ordering. 


This investigation was made possible by a grant from the Ross Foundation for the Prevention 
of Blindness. Dr. Macaskill originated and supervised the investigation. Dr. Eleanor Petrie 
was responsible for socio-medical aspects of the work and for the systematic classification and 
registration of the cases. Mr. Alexander Cameron, F.A.D.O., was the optician in-charge. The 
method used was the Keeler Low Visual Acuity Scheme for helping the partially sighted. 
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EXPERIENCES WITH EARLY CONTACT LENSES AND 
SOME OF THEIR LATER DEVELOPMENTS* 


BY 


F. A. WILLIAMSON-NOBLE 
London 


ConrTACT lenses have interested me for a long time. A few years after the 
first world war I obtained some blown ones from Miiller of Wiesbaden and 
managed to insert one under my eyelids. I did not know at that time about 
filling the lens with some saline and the visual and cosmetic results were such 
that they discouraged me from making further experiments. 

Zeiss contact lenses became available a few years later and I borrowed a 
trial set with varying corneal and scleral radii. 

The optical effect in these was obtained by variations in the radius of the 
corneal portion, no lens being ground on them, and one went on trying 
different lenses to obtain the optimum result. I have no figures regarding 
toleration, but so far as I remember, this never exceeded a few hours. Two 
cases remain in my mind. One was that of a patient with 3 or 4 D of astig- 
matism, in whom fitting the contact lenses was like trying to make half a 
walnut shell fit on to the back of a spoon, and it was not possible to prevent 
large bubbles forming inside the lens. 

The other was that of a woman who was managing to wear her lenses fairly 
well. She rang me up one Sunday morning, however, and said she had had 
her lenses in for some time and that one eye had become foggy. She also 
mentioned that if she looked at a light she saw haloes round it. I thought 
that she must have developed glaucoma and asked her to come up and see 
me. The cornea was obviously hazy and when I removed the contact lens, 
the epithelium looked oedematous. The ocular tension was normal, 
however; there was no pain and the cornea cleared a few hours after the lens 
had been removed. This condition became well known later on through the 
work of Sattler, and was called Sattler’s veil. The aetiology was at first 
obscure but became clear eventually when it was found that the veil failed 
to develop if a small ventilating hole was made in the contact lens. This 
allowed the metabolic products of the cornea to escape and to be replaced by 
fresh lacrimal fluid thus preventing alterations in its pH. 

In the autumn of 1936, before the cause of the veil had been discovered, I 
heard of the work of Dallos, who was taking moulds of the eyeball, and three of 
us spent a fortnight in his clinic at Budapest in an attempt to learn his method 
of fitting contact lenses. We learnt quite a lot, but not enough to enable us 
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to obtain satisfactory results, as we discovered when we tried to repeat his 
methods in a series of evening sessions at Moorfields. We were glad, 
therefore, when in the Spring of 1937, Dallos came over to England and we 
were able to install him in London. 

The work he has done since then is well known, but some of the recent 
developments have not yet been published, so that the following cases may 
be of interest. 

Case Reports 

Case 1, a woman aged 49, who developed a cataract in the right eye which I extracted 
in February, 1951, the left eye being unaffected. The eye took some time to settle down 
but was eventually fitted with a contact lens with which visual acuity was 6/12. Although 
binocular vision was obtained, the cosmetic effect was unsatisfactory owing to the highly 
curved convex surface making the eye appear to bulge forward as compared with its 
fellow and appear to have a much deeper anterior chamber. We wondered if anything 
could be done to improve matters and eventually I suggested to Dallos that he should 
limit the convex lens to the part covering the pupillary area. He has done this, producing 
a contact lens with a sort of pip, 4 mm. in diameter, over the pupillary area which is quite 
inconspicuous. Fig. 1 shows what the lens is like and Figs 2 and 3 illustrate the improve- 
ment in appearance. 


yo oo 


Fic. 1A.—Case 1, contact lens for Fic. 1B.—Case 1, contact lens as 
modified. 


aphakia as originally made. 


Fic. 2.—Case 1, appearance of original con- Fic. 3.—Case 1, appearance, when wearing 
tact lens when worn. The edge of the convex modified lens with reduced optical portion. 
portion is easily seen. 


Case 2, a woman aged 57, was a high myope -24 D sph. with a -3 D cyl. in the 
right eye, and -22 D sph. in the left, whose lenses were gradually becoming opaque. 
I extracted her cataracts in 1953. She was restless afterwards and in each eye produced 
an iris prolapse with resultant astigmatism owing to the presence of a sausage-shaped 
staphyloma. Her best post-operative visual acuity in 1957 with spectacles was 6/18 in the 
right eye, with +3 Dcyl., axis 30°, and 6/60 in the left eye, with +2D sph., -13 Dcyl., 
axis 105°. The left eye had diplopia. The staphylomata made the fitting of an ordinary 
contact lens quite impossible, so at my suggestion Dallos removed a crescentic area of 
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glass from the scleral portion of each lens (Fig. 4). The lenses were to be bi-focal, so 
allowance had to be made for them to slip up and down and 

the end result was that the patient had a dehiscence so large 

that it covered about 2 mm. of the upper part of the cornea 

and left a 2-mm. rim like the handle of a basket in the upper 

scleral periphery. This kept the contact lens fully balanced 

and allowed for the lag required for fenestrated bi-focal lenses. 

She has a satisfactory wearing time with these and the visual 

acuity is 6/12 partly with the right eye and 6/9 with the left. 

Her only complaint was that she wanted an intermediate Sk Aine fies tial 
correction, so I have ordered her a pair of +1:5 D sph.  o¢ Contact lens, showing 
spectacles to wear over the contact lenses. dehiscence above. 


An obvious criticism of this case is the staphylomata but there were 
several reasons why they were not excised. Both cataracts had been ex- 
tracted intracapsularly, so that there was a definite risk of vitreous loss which 
might have caused subsequent retinal detachment in eyes with such a high 
degree of myopia. There was also the fact that the prolapsed iris in each 
eye was covered by a layer of conjunctiva. 

Stenopoeic contact lenses are a recent development which in certain rather 
desperate cases can be extremely helpful. Their origin goes back quite a 
long way, some having been blown by Miiller of Wiesbaden, possibly before 
the beginning of the 20th century. They were made with a white sclera, 
coloured iris, and clear stenopoeic pupil, with a view to helping albinos on 
the assumption that the defective pigmentation and light getting through the 
sclera were responsible for their defective vision. 

In fact, most albinos are amblyopic, have nystagmus, and are not helped 
by increased light contrast. 

The manufacture of these lenses was on the lines of blowing artificial eyes. 
Fig. 5 shows one of Miiller’s original lenses.made at this early date. To 
improve the optical properties the central portion was blown out of much 
thicker glass and annealed very carefully so that it could be optically ground 
and polished. 

The lens in Fig. 6 was individually fitted and a very complicated procedure 
was employed. In this, the plate of glass, pressed over the brass mould, had 


Fic. 5.—One of Miiller’s original Fic. 6.—One of Miiller’s lenses 

blown contact lenses. which was individually fitted (the 
cornea appears dark because of 
the angle of the photograph). 
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to include the transparent centre, the opaque inner lining, the white sclera, 
and the pattern of the iris. There is a case of traumatic aniridia described 
half a century ago in which intolerable photophobia was relieved by an 
albino lens. Here of course the opaque sclera was of no importance and it 


acted as a stenopoeic lens. 

This form of lens suggested the extension of stenopoeic lenses to conditions 
where lack of homogeneity of the media—as opposed to irregularity of the 
corneal surface—brought about a reduction of visual acuity. Examples of 
this are nuclear cataract, other slow-growing lens opacities, and various forms 
of corneal opacities and degenerations. 

With regard to the technique of manufacture, if a plastic lens is used, the 
pigment can be processed into it direct. In glass, an opaque perforated disc 
is fused into the groove made for it in the lens (Fig. 7A, B). 


, 
a b 


Fic. 7A.—Above left, contact Fic. 7B.—Grooved contact lens in 
lens with annular area of rough- section. Stenopoeic disc in section. 
ened glass. Right, perforated 

disc of black opaque glass. 


The results obtained with these lenses include the following: 


Case 3, a man aged 50, was under the care of Mr. A. G. Cross at St. Dunstan’s. His 
right eye had been removed and the left was severely affected by mustard gas keratitis. 

In 1942 spectacle lenses would not improve this eye to beyond counting fingers, but with 
a contact lens he could see 6/24. He was kept under observation until 1953 and then 
vanished for 5 years. When, at the end of this time, he reappeared, the cornea had 
become more opaque and vision even with the contact lens could not be improved to 
beyond 5/60. A stenopoeic lens with a 3-mm. hole placed 1 mm. from the centre at an 
angle of 15° from the optical axis of the eye, gave him 6/24. He could wear this lens with 
comfort and was able to get about without the escort he had formerly required. 


Case 4, a woman aged 52, was under the care of Mr. J. E. M. Ayoub. She was highly 
myopic, and the left eye had no perception of light, but in the right eye, with an ordinary 
contact lens, the visual acuity was 6/24. A year later, without Mr. Ayoub’s knowledge, 
she had an optical iridectomy done. The visual acuity could not then be improved beyond 
counting fingers at 2 metres and she had troublesome diplopia. A contact lens with a 
3-mm. central hole enabled her to see 6/18, however, and although she hated the cosmetic 
effect, she wore it all day. An attempt was made to improve matters by putting a replica 
of iris pigment on the lens, but this made the eye even more unsightly and was not adopted. 


Case 5, a man aged 34, had been treated by Mr. H. Neame for mustard gas keratitis. 
Those who have not seen these sad cases may be unaware that although in some the con- 


dition remains stationary at a certain stage, others seem to be unaffected by treatment, the 
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cornea becoming more and more opaque and thinned, until finally it ruptures and the eye 
is lost. A patient of mine, in whom one eye was badly affected, first knew of it when 
it ruptured while he was playing tennis. He refused to have the eyeball removed and it 
became infected. This was before the days of antibiotics and the infection travelled up 
to the brain, causing a fatal meningitis. 


Case 5 was not so bad as this, but the history is certainly pathetic. He was fitted with 
contact lenses in both eyes in 1938 and the visual acuity in the right eye came up to 6/12, 
and that in the left to 6/6. In 1947, however, the acuity had decreased to 6/18 and 6/24, 
and in February 1951, to 6/24 and 6/60; 9 months later, the right eye still saw 6/24 but 
the left only 1/60; 3 years after this, the right eye was hopeless because the cornea was 
quite degenerate, but the left eye, which with an ordinary contact lens could not see even 
6/60, with a stenopoeic one saw 6/24. The patient has retained this degree of vision, 
wears his lens all day, and sees with it enough to play golf. 


Stenopoeic contact lenses are also sometimes of use in cases of cataract, 
particularly when the opacity is localized, as in the nuclear type. 


Case 6 was one of Mr. A. Lister’s patients. This man’s left eye had no perception of 
light and the right eye had a nuclear cataract. The visual acuity in this eye was 4/60 with 
correction, and with an ordinary contact lens, much the same. Witha central stenopoeic, 
however, it could be improved to 6/18, and he wore this lens for 3 years, after which he was 


not seen. 


Case 7, a boy aged 16, was in the care of Sir Stewart Duke-Elder. His left eye was 
amblyopic and practically useless and his right eye received an injury while he was fencing. 
As a result, the cornea was distorted and there was a scar in the sclera. An ordinary 
contact lens improved his vision to 6/18, but with a central stenopoeic hole he could see 
6/9. He used this lens when he was studying, but preferred the other for use out of doors. 


At first sight it may seem rather odd that a patient should prefer 6/18 to 
6/9, but the reason is that a stenopoeic hole reduces the field of vision 
especially on the temporal side. Exact figures cannot be quoted for this 
because the field reduction depends upon various factors: 


(1) The depth of the anterior chamber and so the distance of the stenopoeic 
hole from the main plane of the eye. 

(2) The diameter of the hole. 

(3) The position of the hole, in one case, for example, the hole had to be 1 mm. 
nasal to the centre of the cornea, thereby cutting out comparatively more 
of the temporal field. 

(4) High degrees of anomaly of refraction, e.g. aphakia and high myopia, will 
influence the amount of field which is lost. 


These cases would seem to show that, although nowadays corneal or micro- 
lenses are being widely used, especially in America, there is still a place for 


' the fully-fitted type. 
I should like to thank Dr. J. Dallos for his co-operation in the preparation of this paper, the 


ophthalmic surgeons who have kindly allowed me to refer to their cases, and the Institute of 


Ophthalmology for providing the illustrations. 
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DID ‘ALI IBN ‘ISA USE GENERAL ANAESTHESIA 
IN EYE OPERATIONS ?* 


BY 
ARYEH FEIGENBAUM 


Rothschild-Hadassah University Hospital and Hebrew University-Hadassah Medical School, 
Jerusalem, Israel 


Tue erroneous view that ‘Ali ibn ‘Isa, the distinguished Arab eye physician of 
the 10th century A.D. and author of the famous “Tadhkirat el-Kahhalin” 
(Promptuary for Oculists) translated into German by Hirschberg, Lippert, and 
Mittwoch (1904), used general anaesthesia in certain eye operations has not 
yet been definitely refuted; it has crept into the mind and persisted until the 
present day. It may be found even in some works on the history of medicine 
(e.g. Elgood, 1951), and Major (1954) prefaces it with the phrase “according 
to Hirschberg...” This is the more astonishing as Hirschberg, excellent 
historian as he was, came in later years to be not at all sure about the correct- 
ness of his assumption. However, his lengthy emphatic commentary on 
certain passages in the “Tadhkira”’, where he was quite positive, created an 
impression. which his later doubts—which, of course, did not reach those 
who knew only his rendering of the “Tadhkira”—were apparently unable 
to dispel. 


Hirschberg’s introduction devotes three pages to this pet subject of his, 
and there are also several explicit footnotes; in the translation of Salah 
ed-Din’s “Nur el‘Uyun” (Light of the Eyes) of the late 13th century (Hirsch- 
berg, Lippert, and Mittwoch, 1905a), he slowly sounds the retreat; his 
“History of Ophthalmology” (Hirschberg, 1908) includes a lengthy discus- 
sion of the pros and cons, with no unequivocal decision, and the subject is 
once more briefly mentioned 3 years later (Hirschberg, 1911). 


The whole question was first introduced by Hirschberg and others (1904, 
p. Xxxiil) by the following significant sentence: 

“In conclusion we arrive at the most remarkable piece of the whole 
work, the operation in general anaesthesia (narcosis).” 

The problem centres in the Arab word tanwimt+, which is translated as 

“sending a person to sleep”, “soporification”. When reading this passage - 
many years ago, I made the following marginal annotation on p. xxxiv of 
my copy: 


* Received for publication November 7, 1959. 
t Whenever an Arabic word is quoted, the original transcription is adhered to. 
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“As the root nama in Arabic, from which the noun tanwim derives, has 
indeed the meaning of ‘to sleep’ but ‘to lie down’ as well, the whole con- 
tention becomes untenable.’’ 

This, in fact, was the stumbling-block of Hirschberg (or rather of his 
Arabist), as tanwim (‘\etting the patient lie down’), when performing a 
painful (and time-consuming) operation,* was interpreted as “sending the 
patient to sleep”, 

A year later, however, the rendering of Salah ed-Din’s treatise (Hirschberg 
and others, 1905a), reads (on p. 257) correctly: 

“Thereupon fon the third day after couching] wash the eye carefully 
while the patient remains recumbent.” 


To this is appended a footnote: 
“In the text it says sleeps. But this would be entirely wrong and would 


cause the opposite of what was intended, namely a vehement incoordinate 
movement on the part of the patient starting up.” 


On the same page in this translation, Tabit ibn Qurra (a famous Christian 
Arab physician of the 9th century) is quoted as having advised the reader 
“to perform the operation [for cataract] at the edge of the carpet [probably: 
divan, low couch] on which you should let him sleep”. Here a footnote 
again says: “Tunawwim, i.e. ‘you send him to sleep’. But there is no reason 
to assume that the administration of narcotic remedies is intended.” 


When Hirschberg deals with the subject in his history of ophthalmology 
(Hirschberg, 1908), it is very interesting—from the psychological point of 
view—to note how hard it must have been for him to have to drop as un- 
tenable the wonderful discovery of general anaesthesia among the Arab 
eye surgeons of the 10th century. As if to excuse himself for his first assump- 
tion, he cites a phrase added six centuries later by a Moroccan copyist of 
‘Ali ibn ‘Isa’s work to the words “‘to send him to sleep”—namely: “until 
the loss of consciousness and perception”. Hirschberg also quotes all the 
incorrect translations into barbarous mediaeval Latin of ‘Ali ibn ‘Isa’s 
_ tanwim: 

“da ei soporifa coram te”’, 

“da ei sompnifera”’, 

“fac dormire patientem””’, 

“facias patientem dormire coram te”, 

“‘deinde sopor. firma aegrum ante te”’, 

“‘deinde sompnifera (vel soporifera) aegrum coram te”. 





° Such as: 
“noosing false eye-lashes with a suture” (dvaBpo tops of Paulus 
“tying up the lid’’ for trichiasis (taimir [=“‘ ”), or avap, A of the Greeks), II, 10); 
excision of a cyst sina or Udres of the Greeks) at or near the upper lid (most probably a dermoid cyst, but 


excision of pterygium 
operation for Sebel ate’ Il, 45. 
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However, a Latin version from a more careful Hebrew translation of the 
“‘Tadhkira”’ reads, with one exception: 


“*fac eum jacere coram te”’, 
“fac jacere infirmum”’, 
“*facias jacere infirmum coram te”, 


in accordance with the Hebrew tashkib “let him lie down’”’. 


In Hirschberg’s German version of ‘Ammar ibn ‘Ali’s “Kitab el-Mun- 
takhab” (Book of Selection) of the late 10th century (Hirschberg and others, 
1905b), for which he and his Arabist collaborators had the benefit of an 
excellent Hebrew version (made by Nathan ha-Meati in the latter half of 
the 13th century), he seems to have become reconciled with his disappoint- 
ment. Tunauwim (in the operation of hydatis) is translated “‘you let the 
patient lie down on his back”, and in an annotation (on p. 51, where the 
Hebrew tashkib is quoted) he first states unequivocally: 


“The comparison of ‘Ammar with ‘Ali ibn ‘Isa makes a correction of our 
statement about narcosis necessary”’ (my italics). 


On p. 61 (presentation of operation for trichiasis, anarraphe), he simply 
gives for: “‘ta’amur an yandma” (tashkib in Hebrew)—“‘you order him to 
lie down”’. 

On p. 68 (cauterization of a lacrimal fistula) nauwim (tashkib in Hebrew) 
is translated: ‘‘you let the patient lie down (on his back)”. 

On p. 69 we find: “‘you order the patient [during the same operation]... 
to blow his nose (while the latter is plugged)”’. 

On p. 75 (operation for pannus): “‘you let the patient lie on his back” 
(tashkib in Hebrew). 

**A few lines further on”, says Hirschberg in his history (1905a, p. 195), 


999 


***Ammar uses the word tunauwim, literally ‘you let [the patient] sleep’”’. 


Having reproduced all this material, Hirschberg (1908)—to our surprise— 
on p. 196 summarizes as follows: 

‘Thus it must at least remain undecided whether ‘Ali ibn ‘Isa had in view 
surgical anaesthesia.” 


But he also adds in a footnote: “I rather believe he did not mean it really, 
and that the Arabic dictionaries have to add to nawwama that it means 
“‘to make [a person] lie down as (if) for sleep”. Apparently in doubt, 
once more he concludes the chapter with the following sentences: 

“But from where did the Salernitans (Nicolaus Praepositus of the 12th 
century) get their spongia somnifera—if not from the Arabs? As long as 
no new sources are discovered, we shall not be able to decide the issue for 
certain.” 











Y> 
1S 


t, 
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No wonder that, after such a final opinion, readers unacquainted with (at 
least) the colloquial Arabic and the daily use of the words nama (to lie down, 
to sleep), and nawwama (to let [someone] lie down, to put [someone] to sleep), 
remain somewhat confused and do not know what to believe.* 


While indeed the origin of the spongia somnifera of the Salernitanst 
remains uncertain, there is not the slightest doubt that, in all the passages 
quoted from ‘Ali ibn ‘Isa (and other Arab authors), wherever tanwim is 
used, ‘“‘making [the patient] lie down” is meant and nothing else. A final 
proof is given by the following additional passages from ‘Ali’s work (also 
cited by Hirschberg but not sufficiently emphasized), where it is quite obvious 
that the expression refers to a recumbent but not to a narcotized patient: 


(a) At the end of the operation of “‘noosing false eye-lashes with a suture” 
(II, 10): “Tell the [narcotized?] patient to close both his eyes and to open 
them before you cut off [the skin], to be sure that a lagophthalmus will not 
result...” 


(b) ‘‘In case [the patient] who has to be operated upon for Sirnag (II, 21) 
belongs to those who cannot hold still and he causes you trouble; then send 
him to sleep.{ One man should hold his head and another one his ha 
(my italics). 


Thus the issue may be regarded as finally settled. In this connexion it 
only remains to point out that there must have been eye surgeons during the 
Arab period who operated on the recumbent patient, not only when painful 
procedures had to be applied but also—probably in very rare cases—in 
couching for cataract. Apart from the passage mentioned above from Tabit 
ibn Qurra, there are the remarkable sentences with which Khalifa al-Halabi 
(a prominent oculist*of the mid-13th century) concludes his treatise “‘ Kitab 
el Kafi fi‘l-Kohl” (On the Sufficient in Oculistics): 


“‘T have heard of one of the most famous surgeons of our time having 
operated [for cataract] on a lady of high rank while she was recumbent on 
her back, and his operation was successful. I am telling you this [without 
reserve] in order you should not declare as untrue everything you hear about 
strange operations which differ from what is usual. God, the Sublime, 
knows best what is right. This concludes the chapter on operations with 
the iron” (Hirschberg and others, 1905c). 





* Oriental Jews in Israel deriving from Arab countries and being unfamiliar with the correct Hebrew expression for 
“lying down”’, will today often say (in Hebrew) to the doctor: “He was so ill that he had to sleep in bed for 10 days’’. 
In Hebrew “ num’ a tg nama’ *in Arabic) i is used (in poetry) for “‘to slumber’’, “‘to fall asleep’’, and “‘numa’’ (“nawm’’ 
in Arabic) or “‘tenuma’’ for the noun “slumber’’. 

5 ae ‘aking a suggestion from the ‘ ‘Antidotarium’” of Nicolaus Salernitanus, Hugh [of Lucca] and Theodoric [of 
Cervia] taught the use of a sleeping sponge . . . saturated with mixed juices of opium, hyoscyamus, mandragora, conium 
ne ee ey plants, dried in the sun, dipped i in warm water when required, and applied to the patient’s nostrils’’ 

obinson, 5 

t This is the above-mentioned interpolation of the Moroccan copyist (a certain ibn‘Azzuz) which was added to a 
transcript dating from 1 
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Finally, I am reminded of one of Hirschberg’s wise allusions to linguistic 
difficulties in historical documents: “It is not easy to do justice to olden 
times whose language we barely understand, even if we comprehend the 
sense of the words.” 
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BASILAR EMBOLISM* 
BY 
BRUCE CRAWFORD 
Victorian Eye and Ear Hospital, Melbourne, Australia 


Foca neurological defects due to stenosis or occlusion within the main 
arterial trunks feeding the brain have become recognized with increasing 
frequency in recent years. However, until recently, knowledge concerning 
the effects of occlusion of the internal carotid artery has outstripped that of 
occlusion within the vertebral-basilar artery system. Both commonly 
produce ophthalmological features. 

It is known that the internal carotid artery may be ligated in young adults 
with impunity. This depends upon healthy anastomotic connexions around 
the circle of Willis, particularly via the anterior and posterior communicating 
arteries. In cases in which hemiplegia results from ligation, there is probably 
an absence of the normal circle of Willis, a situation which Dandy (1944) has 
shown to be not uncommon. 

In the elderly, atheroma and other sclerotic diseases impede the flow both 
in the main and subsidiary trunks and in the collateral vessels, and in addition 
predispose to thrombosis. The clinical picture produced depends upon the 
site and extent of the occluding thrombus and the potential of the collateral 
circulation. 

Occlusion of the internal carotid artery in the neck in such circumstances. 
may lead to focal ischaemic damage at certain sites only in the periphery of its. 
ramifications. Ophthalmological features produced include arcuate field 
defects from branch retinal artery ischaemia, uniocular blindness from 
ischaemia of the central retinal artery, and contralateral homonymous. 
hemianopia from ischaemia of the optic tract or of the temporal loop of the 
optic radiation in the field of the middle cerebral artery (Hollenhorst, 1959; 
Gordon, 1959). 

Moreover, in stenosis or incomplete occlusions, these features may be 
transient, with complete recovery, to be followed by recurrent episodes, 
between which the patient is normal. This clinical pattern has become 
known as the syndrome of internal carotid insufficiency. 

On the other hand, complete basilar artery occlusion from thrombosis 
generally leads to coma, quadriplegia, cerebellar and brain-stem signs, and 
death. 

However, it has come to be recognized that basilar stenosis and incomplete 
occlusion may result in certain clinical patterns which are analogous to the 
internal carotid insufficiency syndrome. 

In view of the wide distribution of the branches from the basilar artery 
to the brain-stem, cerebellar, and posterior cerebral fields, the syndrome of 





* Received for publication December 5, 1959, 
44 
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basilar insufficiency may present different patterns, depending upon which 
branch suffers the most from ischaemia in the periphery of its ramifications, 
and which also derives the least reinforcement from the collateral supply of 
the posterior communicating and middle cerebral arteries. 

Common manifestations are homonymous hemianopia, often bilateral, due 
to occipital ischaemia, and confusion, vertigo, nystagmus, diplopia, dysar- 
thria, and dysphagia due to brain-stem and cerebellar ischaemia (Minor, 
Kearns, Millikan, Siekert, and Sayre, 1959). These transient recurrent signs 
indicate basilar stenosis, incomplete occlusion from thrombosis, or complete 
occlusion with adequate collateral circulation; persistence or progression of 
signs indicates frank infarction. 


Case Report 


A man aged 62 years came to the hospital in the early hours of the morning because of 
the sudden onset of complete blindness about 20 minutes before. He was too distressed 
and confused to give a coherent story, but the following facts were reported by his son. 


History.—From early that evening he had suffered from a severe frontal headache and 
had vomited several times. This led to a bout of vomiting, after which the patient 
looked up and asked why the lights had been switched off, stating he could not see light 
in either eye. 

For the previous 6 weeks, he had had almost continual frontal headaches which were 
severe at night and eased off during the day; there was no relief from ordinary analgesics. 
He had not suffered from headaches before this. For the last week he had vomited 
intermittently when the headache was severe. 

He was said to suffer from heart trouble and had been under treatment for this for 12 
months. From the cardiologist who had been attending him, it was discovered that he 
had had angina pectoris for 2} years; and that congestive heart failure had supervened 12 
months previously, associated with auricular fibrillation. This had been controlled by 
digitalis, chlorothiazide, trinitrin, and quinidine. Intermittent quinidine therapy had 
been necessary to control a variety of cardiac arrhythmias, particularly in the preceding 
few months. However, quinidine was stopped 2 days before the onset of blindness, as 
it was thought that it might be causing the headaches and vomiting. There was no 
history of rheumatic fever. 

Examination.—He was a short thickset man in great distress, complaining of loss of 
sight and severe headache. There was definite confusion in addition to his natural distress. 

There was no perception of light in either eye; the pupils were equal, 2 mm. diameter, 
and reacted briskly to light. The fundi showed normal discs and maculae, and grade I 
arteriosclerotic vascular changes. There was no reflex blinking to menace. Ocular 
movements were full, showing continuous conjugate movement of a searching type in all 
directions. There was no nystagmus. 

General Examination—The blood pressure was 270 mm. Hg systolic, 90 mm. Hg 
diastolic; pulse 72 per min., often regular, but with episodes of multiple extra-systoles. 
The heart was clinically a little enlarged and the bruits of mitral and aortic incompetence 
were present. There were crepitations at both lung bases and slight ankle and sacral 
oedema. Carotid and peripheral pulses were present and equal on the two sides. 

No other definite cranial nerve lesion was found. Both plantar responses were normal, 
but the left leg showed diminished tendon reflexes and felt flaccid in tone compared with 
the right leg. There was no neck stiffness and Kernig’s test was negative. There was no 
evidence of cerebellar disturbance. 
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Laboratory Investigations—Lumbar puncture showed crystal clear fluid containing 3 
lymphocytes per cu. mm., 100. red cells per cu. mm., 20 mg. per cent. protein, and 65 mg. 
per cent. sugar. 

Full blood examination showed packed cell volume of 41 per cent. with 13-3 g. per cent. 
haemoglobin; the film showed 14,400 white cells with a normal differential count. The 
erythrocyte sedimentation rate (Westergren) was 52 mm. in 1 hour. The coagulation 
and prothrombin times were normal. 

Radiography of the chest showed the transverse cardiac diameter at the upper limit of 
normal. The upper mediastinum was widened by the unfolded aortic arch. The lungs 
appeared moderately congested. 

Both the Kahn test and Wassermann reaction were negative. 

Electrocardiography showed sinus rhythm with ischaemic changes. 

Diagnosis.—Arteriosclerotic heart disease with basilar artery embolism. 

Therapy.—Anticoagulant therapy was instituted in hospital, by means of heparin 
12,500 units intravenously every 12 hours for 48 hours, together with Dindevan (phenin- 
dione) by mouth, the latter to reduce the prothrombin time index to below 20 per cent. 
Digitalis and chlorothiazide were continued, supplemented by a mercurial diuretic on 
one occasion. Anticoagulant therapy was discontinued after 7 days. 

Course.—The patient was initially very disturbed in hospital, sitting bolt upright in bed 
and holding his head in distress. Sedation and analgesia enabled him to rest quietly for 
the day. He remained afebrile. 

On the second morning, about 30 hours after the first onset of blindness, he stated that 
he could see again: testing showed accurate projection of light in each eye and acuity 
of “counting fingers”; no further vision tests were done at this time. On the following 
morning the uncorrected vision was 6/12 in the right eye, and 6/9 in the left. The peri- 
pheral fields were full on the perimeter (3/330 mm. white). 

The patient said he felt well except for some frontal headache. No weakness of the 
limbs was elicited and his sensation was normal. He remembered the bout of vomiting 


preceding the blindness, but remembered no more until he found he could see again, some: 
30 hours later. Whilst in hospital his blood pressure fell to 170/60 mm. Hg. 

Discharge.—He was discharged on the ninth day, when the visual acuity was 6/5 in the 
right eye with +0-5 D sph., and 6/5 in the left eye with +0-25D sph. He could read N5 
with additional +3 D sph. in each eye. The visual fields were full. He has remained 
without neurological troubles since. 


Comment 


The differential diagnosis in cases of suspected cortical blindness is of some 
importance. Bilateral blindness, with normal pupillary light responses and 
normal fundi, is consistent with either bilateral cortical lesions or hysteria. 
Symonds and Mackenzie (1957) have emphasized the value of the presence 
of reflex blinking to menace in hysterical blindness. The possibility of toxic 
amblyopia had to be considered in this case, as the patient had been treated 
with digitalis and quinidine. However, no fundal changes suggestive of 
retinal ischaemia or of retrobulbar neuritis were seen, and the quinidine 
therapy had ceased 2 days before the onset of blindness; moreover, this 
patient had been receiving quinidine for some time—whereas toxic amblyopia 
from quinidine usually occurs soon after starting treatment with the drug. 

That the site of the vascular obstruction in this case was not purely peri- 
pheral in the calcarine arteries, is shown by the definite confusional state and 
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slight paresis of the left leg present at the onset, indicating ischaemia over a 
wider field. 

Evidence supporting an embolic aetiology rests upon two features: first, a 
satisfactory origin for the embolus, and secondly, the sudden onset, short 
duration, and sudden recovery from the disability. In the first regard, the 
patient suffered from ischacmic and valvular heart disease, and over the pre- 
vious months had had a variety of cardiac arrhythmias, including auricular 
fibrillation. It seems likely that emboli were cast off from the heart at times 
of change of rhythm, and that minor embolic episodes in the previous weeks 
explained the headaches and vomiting leading to the ictus itself. 

Symonds and Mackenzie (1957) have explained the mechanism of the in- 
volvement of both calcarine arteries simultaneously. An embolus or throm- 
bus lodges at the bifurcation of the basilar artery, thereby producing 
ischaemia throughout the basilar field. To a variable degree this is compen- 
sated for by the posterior communicating arteries connected to the posterior 
cerebral arteries peripheral to the obstruction. Then the embolus fragments, 
feeding finer emboli into both calcarine branches sufficient to cause ischaemia 
in the occipital cortex. In favourable cases the whole embolus and its 
fragments break up, so freeing the circulation, or else collaterals from the 
middle cerebral artery subserve the affected cortical area. Thus, frank 
infarction may be avoided. 

It is difficult to assess the efficacy of anti-coagulant therapy in this case. 
It would seem likely that the recovery followed naturally. However, where 
embolism has occurred, the risk of secondary thrombosis arises, providing 
justification for the use of anticoagulant therapy to avoid such complication. 
In the circumstance where recovery from embolism follows rapidly, there is 
no indication for the continuation of anticoagulant therapy. 


Summary 


The syndromes of internal carotid and basilar artery insufficiency are 
briefly described. A case is presented of bilateral cortical blindness due to 
basilar embolism, which recovered completely. The differential diagnosis of 
cortical blindness is briefly discussed. The mechanism of production of 
bilateral cortical blindness is commented upon. 


I wish to express my thanks to Dr. Kelvin Lidgett, Honorary Ophthalmic Surgeon to the Vic- 
torian Eye and Ear Hospital, Melbourne, for his permission to use the clinical records of this 
patient, and for his encouragement in the presentation of this report. 


REFERENCES 


Danby, W. E. (1944). ‘“‘Intracranial Arterial Aneurysms”, pp. 67-95. Comstock Publishing 
Associates, Cornell University Press, U.S.A. 

Gorpon, N. (1959). Brit. J. Ophthal., 43, 257. 

Ho.venuorst, R. W. (1959). Amer. J. Ophthal., 47, 753. 

Minor, R. H., KEARNS, T. P., MILLIKAN, C. H., SIEKERT, R. G., and Sayre, G. P. (1959). .4.M.A. 
Arch. Ophthal., 62, 84. 

Symonps, C., and MACKENzIE, I. (1957). Brain, 80, 415. : 





Brit. J. Ophthal. (1960) 44, 693. 


DIKTYOMA 


BY 


THE LATE K. R. KESAVACHAR aAnpD R. V. JUNNARKAR 
Departments of Ophthalmology and Pathology, Medical College, Nagpur, India 


Tumours of the ciliary epithelium are so rare, that probably not more than 
twenty cases of these neoplasms have been recorded. Their embryonic 
nature was first recognized by Verhoeff (1904), but the name diktyoma was 
coined by Fuchs (1908) for neoplasms of the ciliary epithelium in children. 
The general impression is that these diktyomata are only locally invasive and 
relatively benign, but Klien (1939) and Imre (1941) have each reported a 
case, emphasizing their malignant nature, and Malone (1955) reported a 
case showing extensive intracranial invasion on post-mortem examination. 
Reese (1956) discussed the macroscopic and microscopic appearance of 
the tumour in great detail and laid down definite criteria for histological 
diagnosis. 


Case Report 


A girl aged 6 years was seen in the Ophthalmic Out-patients Department on November 3, 
1958. The father had brought the child with the complaint of a progressively increasing 
white reflex in the right pupil of one months’ duration. There was no other history. 


Examination. 


Left Eye.—Quite normal with a visual acuity of 6/6. 


Right Eye.—The visual acuity was 6/60. . Cornea bright. Anterior chamber normal. 
Pupil dilated and sluggish. There was a white cystic mass on the temporal side, just 
behind the lens, extending from the 10 o’clock to the 4 o’clock position, which occluded 
almost half the pupillary aperture. Large numbers of blood vessels were seen on the 
surface of the mass. The fundus, as far as could be seen, was normal. The ocular 
tension was slightly lowered. The pre-auricular gland was not enlarged. X-rays of 
the orbit and chest showed nothing abnormal. Transillumination was negative. 


Provisional Diagnosis —Glioma retinae. 


Treatment.—A. diathermy puncture of the cystic mass was done on November 20, 
1958, 8 mm. outside the limbus on the temporal side. The cyst partially collapsed and 
some fluid came out under the conjunctiva. A plastic iridocyclitis set in after the punc- 
ture, with exudate in the vitreous and the anterior chamber. 

The eye was enucleated on November 29, 1958. When the eye was cut open, a greyish 
white mass about 10 mm. across was seen in the ciliary region with a thin membrane 
covering it. The case was followed up for 4 months after the enucleation. 


Pathological Report.—The specimen was a bisected eyeball which on reconstruction 
measured approximately 21 mm. in sagittal diameter, 20 mm. in frontal diameter, and 
18 mm. in vertical diameter. The cornea appeared to be slightly opaque. The lens had 
fallen out. Arising from the ciliary region was an irregular greyish-white firm tumour 
mass roughly 7 mm. in diameter, which extended posteriorly to a detached fold of the 
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retina. There were no areas of haemorrhage or necrosis, and the tumour tissue had 
not penetrated the other coats of the eyeball at any point. 

The eyeball was fixed in Bouin’s fixative, and sections stained with haematoxylin and 
eosin, Masson’s trichrome, and Mallory’s phosphotungstic acid and haematoxylin were 
studied. The tumour appeared to arise from the ciliary body pushing the iris in front 
of it. It consisted of tubules and bands composed of several rows of cells with prominent 
nuclei, lying perpendicular to their long axes. In some of the tubules, a delicate mem- 
brane resembling the external limiting membrane of the retina could be made out. In 
other parts, the tumour cells occurred in solid conglomerations without any rosette 
formation. The tumour cells did not contain pigment. The other outstanding com- 
ponents of the tumour were the fairly large islets of cartilage with partial calcification 
(Fig. 1). Mallory’s stain showed nerve fibrils (Fig. 2). 


Fic. 1.—Tumour cells 


arranged in tubules 
and bands and a strip 


of cartilage partly 
ossified (low power). 


Fic.2.—Neuroglial tissue 


(low power). 
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There was a complete absence of organized stroma. However, a framework of con- 


nective tissue containing a few thin-walled blood vessels was present between the tubules, 
cell aggregates, and islets of cartilage. The pigmented cells at the periphery of the 


tumour appeared to have been derived from the iris. 


: Summary 
A case is reported of a diktyoma in a 6-year-old child. 
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BUPHTHALMOS OVER THREE GENERATIONS* 


BY 
W. E. HEATH 
Maidstone, Kent 


Case Reports 
Case 1, a female child (IV, 3 in Pedigree) born on December 23, 1958, was noticed to 
have opaque corneae, of sufficient degree to prevent any estimate of the size of the pupils. 
There was corneal oedema but no appreciable abnormality of the corneal diameter. In 


the course of a few days the cornea of each eye had become obviously enlarged and a 
definite buphthalmos had become established. 


The father (III, 3) informed me that he suffered from buphthalmos, and that his 


father (II, 2) also had the same condition, and I have since been able to examine 
them both. 


Case 2 (III, 3) was first seen by an ophthalmic surgeon in March, 1942, at the age of 15. 
Both eyes then showed definite buphthalmos with both discs pale and cupped. He has 
had treatment and now shows a symmetrical condition with a corneal diameter of 14 mm. 
The visual acuity in the right eye is 6/6; in the left eye it is 6/60. Both optic discs are pale 
and cupped. During the last 2 months the left eye has developed a high tension with 
corneal oedema and a further drainage operation has been necessary. 


a 
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Case 3 (II, 2), born in 1902, was first seen by an oculist at the age of 35. Both eyes 
were then buphthalmic, and he gave a history of having noticed haloes at the age of 8. 


Both corneae are now markedly enlarged with deep anterior chambers and both discs 
pale and cupped. 


Discussion 

The literature has been extensively reviewed by Delmarcelle (1957), who 
found several instances in which it was claimed that inheritance had been 
established over several generations. He considered, however, that the 
evidence was not conclusive and in several cases he distinguished between 
buphthalmos and “juvenile glaucoma”. 

In the family here reported, both the grandfather and the father were 
discovered to have buphthalmos at the ages of 35 and 15 respectively, and 
there is undoubted enlargement of the corneal diameter in each of them. 

It is now generally accepted that there is a genetic basis for buphthalmos; 
Sorsby (1951) pointed out that there were a number of pedigrees in which the 
affection had occurred over two generations in direct descent. Francois 
(1958) stated that there was no record of the affection over three generations. 
Westerlund (1947), who followed up 122 cases seen in Denmark, found 31 
familial cases distributed over eleven families, and: held that the gene was 
recessive and had a penetrance of about 40 per cent. 

The pedigree published here shows the disease occurring in three genera- 


tions with the grandfather transmitting his dominant gene to one of his three 
children. 


I wish to acknowledge the help received from Professor Sorsby in the preparation of this note, 
and Mr. Oliver Walker who was responsible for the detection and treatment of the disease in the 
father and grandfather. 
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APPLIANCES 


IMPROVED CALIBRATED ELECTRODES FOR 
DIATHERMY OPERATIONS IN RETINAL DETACHMENT* 
BY 
M. MADROSZKIEWICZ 
Silesian Medical Academy, Zabrze, Poland 


THE report of a new diathermy operation for use in cases of retinal detachment 
with tearing of the macula lutea (Madroszkiewicz, 1958) mentioned a set of 
15-, 20-; and 25-mm. calibrated electrodes, which could be used for treating 
retinal holes in different positions. 


The instrument has since been improved by the addition of a small pro- 
jecting knob of 0-25 mm. at the corner of the “‘elbow” of the electrode (Fig. 1, 
pr.). This gives the elbow better support at the corneal margin; when pres- 
sure is exerted upon the globe with the electrode, the projection slightly 
indents the surface of the denuded sclera at the limbus. This improved 
instrument was demonstrated at the XX VI Congress of Polish Ophthalmolo- 
gists held in Szczecin in September, 1958. 


A further improvement has now been achieved by making small incisions 
at 5-mm. intervals on the external surface of the curved arm of the electrode 
(Fig. 1, in.), thus marking out a calibrated scale. The entire electrode is 
covered with a white insulating varnish (i), except for the end point (Fig. 1, e) 
and the thick handle (n). The scale, which is marked with red dots, greatly 
facilitates and accelerates the operation, because measurements with Indian 
ink and calipers are rendered superfluous. 


">spr2O-25 mm. 


Fic. 1.—Longitudinal section of improved non-perforating calibrated electrode, with curved arm 
20 mm. long. 
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Fig. 1 shows the exact dimensions of a 20-mm. calibrated electrode in 
which the curved arm which reaches round behind the eyeball is 20 mm. long. 
The length of the straight shaft (s) is slightly increased to 18 mm. and it is 
made about 1-6 mm. thick. 


Similar electrodes have been made for perforating diathermy. Fig. 2 
shows the longitudinal section of an electrode of this type in. which the 
curved arm is 15 mm. long, the other dimensions being the same. At the 
end, instead of a plate (e in Fig. 1), there is a little sharp spike (¢) which is 
2 mm. long and 0-25 mm. thick. 


Fic. 2.—Longitudinal section of perforating calibrated electrode, with curved arm 15 mm. long, 
showing spike (ft). 

This electrode is useful in dealing with perforating applications to the sclera, 
especially at the end of the operation, when the superficial burns have been 
carried out and the subretinal fluid must be evacuated. It is usually necessary 
to make a through puncture of the sclera and choroid, in the lower half 
of the globe beyond the equator, i.e. 14-15 mm. from the corneal margin. 
If the 15-mm. perforating electrode is applied to the globe with the projection 
(pr) touching the limbus, further measurement is not required. The spike (t) 
perforates the sclera in the desired position and when the instrument is 
removed the subretinal fluid escapes. Massage of the bulb assists the 
evacuation of the fluid. The operation is concluded by suturing the con- 
junctiva. 


Because juxta-macular perforations are contraindicated, a set of 15-, 20-, 
and 25-mm. non-perforating electrodes with the 15- and 20-mm. perforating 
electrodes is sufficient for most diathermy operations for retinal detachment. 


Summary 


Improved calibrated electrodes for non-perforating and perforating dia- 
thermy in cases of retinal detachment are described. 


REFERENCE 
MADROSZKIEWICZ, M. (1958). Brit. J. Ophthal., 42, 739. 
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IMPROVED STAND FOR THE DONOR EYE FOR 
CORNEAL GRAFTING* 


BY 


MAURICE H. LUNTZ 
St. Mary’s Hospital (Western Ophthalmic Hospital) London 


A STAND, developed at this hospital, for holding the donor eye while a 
corneal graft is trephined and dissected is particularly useful for lamellar, an- 
nular, or segmental grafts, especially where direct sutures are used (Fig. 1). 

Essentially this is a modified Tudor-Thomas stand, so designed as to rotate 
on a plinth carrying a spring-loaded metal ball (Fig. 2a), which engages 
consecutively into four notches placed at 90° intervals at the bottom of the 
stand (Fig. 2s). By this means the stand can be engaged at four positions 
90° apart during one complete revolution. Disengagement from a “stop” 
requires no effort so that the entire mechanism works smoothly and efficiently. 
The plinth also has a pair of handles (Fig. 2c, Cc) with separate “‘lifters”’ for 
lifting it out of the sterilizer. 


Fic. 1.—Complete stand assembled. 


Fic. 2.—Plinth dismantled, showing 
spring ball (A), notches (B), handles 
(C), eccentric hole (D), and clip for 
suture (E). 


Three new features are embodied in this instrument: 


(a) The free rotation of the modified Tudor-Thomas stand on the plinth facil- 
itates the dissection of a lamellar, annular, or segmental graft. The 
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stand will engage the metal ball on the base in four positions 90° apart, 
so that the insertion of four direct sutures into the graft, accurately 
placed at right angles, becomes a simple matter. 


(b) The hole in the stand which takes the optic nerve and fixation suture has 
been eccentrically placed (Fig. 2p), so that the cornea is vertical when 
the donor eye is fixed on the stand. This facilitates both dissecting the 
graft and placing the sutures. 


(c) Aclip (Fig. 2B) attached to the stand will hold the fixation suture. Occasion- 
ally the use of this clip will not produce adequate tension in the donor 
eyeball so that it becomes difficult to trephine the cornea. In this case 
the necessary tension can be got by direct traction on the fixation 
suture with a Spencer-Wells forceps while the surgeon trephines. The 
fixation suture is then fixed in the clip for the rest of the procedure. 


It is felt that this has advantages over the original Tudor-Thomas stand, 
and that it may become a useful instrument in keratoplastic procedures. 


I am indebted to John Weiss and Son Ltd., London, for making the stand and for their patience 
during the trial and error period. 
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BOOK REVIEWS 


Antibiotics and Sulphonamides in Ophthalmology. By A. Sorsspy and J. UNGAR. 1960. 
Pp. 117, 18 tables, 42 refs. Oxford University Press, London. (12s. 6d.) 

This useful little book contains all the information about antibiotics that the clinical 
ophthalmologist is likely to need. Basic considerations, such as the usual spectra of the 
various antibiotics, the concentrations required to be effective, and degree of penetration 
into the eye, are adequately explained. There are interesting observations concerning 
the overcoming of apparent organism resistance by high concentration or by suitable 
combinations. 

The pharmacology of the sulphonamides and antibiotics is given and in each case the 
preferred method of application is described. 

The final section deals with a number of specific clinical conditions in the treatment of 
which antibiotics play a part. 

The material is clearly and concisely presented and the tables are particularly well 
set out. 


Congenital Cataracts. (Les cataractes congénitales). By J. FRANCoIS. 1959. Pp. 853, 
486 figs, 20 col. pl. Masson, Paris. 

This volume, which constitutes the Rapport for 1959 prepared for the French Ophthal- 
mological Society, is a worthy member of a distinguished series and in its own right a 
remarkable book. It is an admirable illustration of the value of a monograph in giving 
a comprehensive review of a wide but self-contained subject. In its presentation Francois 
has excelled himself; the whole question of congenital cataract is treated fully and authori- 
tatively in the light of the author’s experience and of the very considerable literature. 
The book starts with an outline of the development, anatomy, and congenital anomalies 
of the lens; there follow six chapters describing the various types of congenital cataract 
and those seen soon after birth (in premature infants and in galactosaemia). The ocular 
lesions, systemic anomalies, and multiple syndromes associated with this lesion are 
described in a series of chapters of unusual interest. The aetiology of the condition in all 
its aspects is then discussed in the fullest measure, the influence of infective, toxic, endo- 
crine, immunological, and other factors all being fully and critically assessed as well as 
the genetic character of many such cases. The underlying chemistry of the lenticular 
changes receives consideration, and the last eight chapters deal with the differential 
diagnosis, the treatment, optical, operative and post-operative, and the functional results 
which can be expected. The book is a classic example of what a monograph should be 
—conceived and carried out in the grand manner, clearly written, beautifully and lavishly 
illustrated. The author—and the French Ophthalmological Society—are indeed to be 
congratulated. 


The Essentials of Perimetry. By H.REED. 1960. Pp. 192, 167 figs. Oxford University 
Press, London. (45s.) 

This book is based upon a series of lectures given to postgraduate students working in 
London for the Diploma of Ophthalmology. The title has been well applied in the 
writing of this book, and the essential parts of the subject have been well emphasized. 
The anatomy of the visual pathway is well described with clear and pertinent diagrams. 
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The apparatus for testing the visual fields and the methods of examination are explained 
in a very practical way. The interpretation of the visual field defects is fully documented 
and includes some descriptions of other tests which should be carried out to confirm the 
perimetric diagnosis, which makes the subject more easily comprehensible to the student. 
The author apparently accepts the theory that the arcuate scotoma of chronic simple 
glaucoma begins as an angioscotoma, although it is doubtful whether this has been com- 
pletely proved. This is a book which will be useful to junior postgraduate students of 
ophthalmology and also perhaps to medical and neurological registrars. 


L’année thérapeutique et clinique en ophtalmologie, Vol. X. Edited by G. E. JAYLE and 
A. Dusols-POULSEN. 1959. Pp. 357, 22 figs, Bibl. Librairie Fueri-Lamy, 
Marseille. (48 N. Frs; 69s.) 

The tenth volume of this valuable series is devoted essentially to problems of ocular 
surgery. It starts with a discussion on “‘déconnexion’’, defined as measures to diminish the 
reactions of the organism which may be aggravated by ‘‘aggression in the environment’’, an 
interesting concept which deals with pre-operative sedation and pre-anzsthetic techniques. 
There follow articles on the complications of premedication and of regional and general 
anesthesia, the prophylaxis and treatment of post-operative ocular infections, and the 
complications arising from the prolonged immobilization in bed that may be associated 
with surgery. A series of chapters deals with the more common complications which may 
be encountered in or after various operations, such as those for ptosis, strabismus or 
detached retina, or keratoplasty or exenteration of the orbit, the use of orbital implants, 
and so on. Each article by a well-known author is interesting and authoritative. 


You and Your Eyes. By L. Lewison. 1960. Pp. 253, 86 figs. Trinity Publishing 
Corporation, New York. ($3.50.) 
This is an amusing book—if the reader is temperamentally capable of being amused by 
a mixture of sense and nonsense—addressed primarily to the 75 million eye-glass wearing 
Americans, explaining to them how they can divest themselves of this glaring sign of a 
physical defect by eye-exercises, eating vitamins, wearing contact lenses, or even by being 
fitted with intra-ocular acrylic lenses. 


Books REVIEWED IN Ophthalmic Literature 


Transactions of the American Ophthalmological Society, Vol. 57, 1959. 

The latest volume of the Transactions is marked once again by the excellence of the 
careful and detailed studies which comprise it. An individual abstract of each paper 
appears in Ophthalmic Literature (1959), vol. 13, Nos. 4 and 5. 


NOTES 


XIX INTERNATIONAL CONGRESS OF OPHTHALMOLOGY 
New Delhi, India, December 3 to 7, 1962 


The subjects for reports and symposia for the XIX International Congress of 
Ophthalmology, 1962, are the following: 
REPORTS 

(1) “‘Tropical Parasitical Diseases of the Eye’’, introduced by Bhaduri (Calcutta), Cyro de 
Rezende (Sao Paulo), and Larmande (Algiers). 
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(2) “Corneal Degenerations”’, introduced by Bietti (Rome), Leigh (London), and Maumenee 
(Baltimore). 


SYMPOSIA 

(1) “‘Complications of Cataract Surgery’’, under the direction of Paufique (Lyon). 

(2) “‘Eales’s Disease’’, under the direction of Agarwal (New Delhi). 

(3) “Electron Microscopy in Ophthalmology”, under the direction of Francois (Ghent). 

(4) “Ophthalmological Problems caused by the Progress of Aviation”’, under the direction of 
Berens (New York). 


A brochure containing information on the scientific and social programme is in 
preparation and will be despatched by November, 1960, to members who have sent in 
their cards. Hotel accommodation will be arranged according to the wishes of members 


by the organizers at Delhi. 
Any other specific information can be obtained from the Secretary-General, 


Dr. Y. K. C. Pandit, Bombay Mutual Building, Sir P. M. Road, Bombay 1, India. 


FOURTH REFRESHER COURSE IN OPHTHALMOLOGY, 1961 


The Refresher Courses in Ophthalmology continue to be of interest and value to their 


participants and the Fourth Course will be held from February 20 to 24, 1961. Con- 
sultant ophthalmologists who would like to attend should contact Prof. A. Sorsby, The 


Courage Laboratory, The Royal Eye Hospital, St. George’s Circus, London, S.E.1. 


SOCIEDAD DE OFTALMOLOGIA, BOLIVIA 


Officers, 1960-61 


President: Dr. Félix Sanchez Peiia. 
Secretary: Dr. Jaime Solares Zamora, Casilla Correo 1041, Cochabamba. 


Treasurer: Dr. German Sanchez Rivero, 
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COMMUNICATIONS 


INTRA-OCULAR ACRYLIC LENSES* 
10 YEARS’ DEVELOPMENT 
BY 


HAROLD RIDLEY 
London 


INTRA-OCULAR acrylic lenses have now been in use for over a decade and their 
employment in some form or other seems generally to be accepted as an 
integral part of present and future ophthalmic surgery. They have un- 
doubtedly led to a wider appreciation of the many disadvantages of aphakia, 
and in uniocular cataract they offer a degree of visual restoration never pos- 
sible before. As is to be expected with an innovation in any scientific or 
mechanical sphere, considerable difficulties are inevitably encountered and 
changes must be made during the period of development. The many designs 
for intra-ocular acrylic lenses which have been and still are being produced 
show not only that interest in the subject is growing but that the ideal pattern 
of lens has not yet been devised. 


Posterior Chamber Lenses 

When the idea of artificial lenticuli was first conceived in 1948, it was 
decided, in spite of some evident disadvantages, to place the lens in the 
natural position rather than in the anterior chamber. Though the mech- 
anical shortcomings of the posterior chamber situation were evident, an 
attempt was made to copy nature as closely as possible both anatomically 
and optically. At that time it was feared that a lens resting in the angle of 
the anterior chamber would inevitably give rise to corneal opacity. 

Looking back over the past 10 years, it is apparent that the posterior 
chamber artificial lenticulus has, for the time at least, fallen out of favour. 
That is not to say, however, that good and lasting results have not been 
obtained by its use. Surgeons who have devoted great attention to the 
choice of case, the surgical minutiae, and, not least, to the aftercare of 
patients, have reported series of cases in which the results have been very 
satisfactory. Nevertheless it must be admitted that the combined operation 
of even a perfectly performed extracapsular extraction followed immediately 
by the insertion of a foreign body is a severe ordeal for aneye. Furthermore, 
extraction of the lens leaving behind nothing but an intact posterior capsule 
and peripheral tags of anterior capsule is by no means always a simple pro- 
cedure, and it has long been known that extracapsular extractions without 
fens insertion give rise to anaphylactic iridocyclitis if lens fibres are left for 
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absorption into the aqueous. Sometimes, after a combined extraction and 
acrylic lens insertion, an alarming iridocyclitis occurred and the danger of 
post-operative reactions, possibly of considerable severity, undoubtedly in- 
fluenced many surgeons against the employment of the original intra-ocular 
acrylic lens. 

A further and more serious criticism of the original posterior chamber 
operation is the inherent instability of the lens, the support for which relies 
on an intact posterior lens capsule and zonule behind and an iris with normal 
musculature in front, supplemented in most cases by some degree of adhesion 
between the posterior surface of the iris and the lenticulus. Nevertheless, 
if a posterior chamber lens is inserted and properly centred after an efficient 
extracapsular extraction in an eye with a normal iris and an intact zonular- 
capsular bulkhead, not only is the visual acuity satisfactory but almost 
natural sight is restored. In short if the eye is free from inflammation and 
the lenticulus is in perfect position, its rim being visible through the peri- 
pheral iridectomy, a good and apparently permanent result can be expected. 
Unfortunately this operation, like others, is not without its troubles. 


Post-operative Treatment and Early Complications 

Some slight traumatic inflammatory reaction is general and indeed pos- 
sibly beneficial, because it may stabilize a well-positioned lens by causing 
broad posterior adhesions between it and the posterior surface of the iris. 
For this reason topical hydrocortisone ointment is generally withheld until 
the fourth post-operative day but may be started earlier if required. Irido- 
cyclitis of moderate degree may be due to incomplete removal of soft lens 
matter by thorough anterior chamber irrigation. Severe post-operative 
iridocyclitis sometimes with hypopyon may be caused by inadequate removal 
of lens sterilizing solution, a serious error which can be eliminated by ade- 
quate care and the use of modern sterilizing methods (F. Ridley, 1957). 
Fortunately local and, if necessary, systemic corticosteroid therapy is highly 
effective in dealing with this alarming but aseptic chemical inflammation. 

When the patient leaves hospital about the 12th day after operation, there 
will be a deposit of fibrinous exudate on the anterior surface of the lens which 
precludes good visual acuity. Normally this deposit undergoes gradual 
absorption during the succeeding 6 to 8 weeks but, if the pupil is allowed to 
constrict beyond the optimal 3-5-mm. diameter, the exudate may become 
Organized into a fibrinous membrane. This result of inadequate aftercare 
is prone to develop after the patient has returned home for, though the same 
medicaments which have proved satisfactory in hospital may be prescribed, 
they may not later be applied efficiently. Ideally, every case should be kept 
under observation for 3 to 4 weeks so that the precise mydriatic requirements 
may be assessed, but as a rule 0-5 per cent. atropine drops, in conjunction 
with hydrocortisone ointment twice daily, proves adequate if the pupil size 
is correct at the time of discharge. 
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If an organized pupillary membrane has formed, it may require division 
with a needle knife or, in late cases in which the membrane is tough, with two 
such instruments, one being inserted from the temporal and the other on an 
angled mount from the nasal side. The two points pierce the membrane 
close together and are then separated. This minor operation is almost 
always successful for the lens surface beneath the membrane is generally clean. 

Though 6/9 is regarded as a satisfactory degree of visual acuity and even 
6/4 not unknown, some eyes fail to attain this standard on account of 
capsular opacity or cortical remnants behind the lens. These opacities 
are generally due to surgical errors and do not frequently increase later. If 
necessary, however, the posterior capsule can be incised under direct observa- 
tion through the pupil by means of a needle knife passed through the pars 
plana. This operation, which must carry some risk but has not in our hands 
given rise to trouble, has been thought necessary in less than 2 per cent. of 
cases. 


Late Complications 


The cause of late complications can generally be traced to bad surgery or 
inadequate aftercare. Anterior dislocations have been rare and, unless 
traumatic, are due to overdilatation of the pupil or imperfect centring of the 
lens with the development of irido-capsular adhesions leading to local 
retraction of the iris. Through the distorted pupil the lens rim becomes 
visible and later the lenticulus may dislocate into the anterior chamber. In 


the early stages an attempt may be made to recentre the lens and raise the 
iris over its edge, but firm adhesions soon develop and usually render full 
replacement impossible. A lens lying free in the anterior chamber and 
resting against the cornea must be removed by a simple operation to prevent 
irreversible dystrophy. 

Posterior dislocation of the lenticulus has been in our experience a more 
frequent and serious complication and is considered by far the most important 
disadvantage of the posterior chamber lens. The lenticulus cannot slip into 
the vitreous if the zonule and posterior capsule are intact, and it is still un- 
certain if these structures ever give way spontaneously or as a result of pres- 
sure of the lens. It was soon found that insertion of a posterior chamber 
acrylic lens after deliberate intracapsular extraction was followed in the 
majority of cases by dislocation and this procedure was abandoned. It is easy, 
however, to damage or even tear out the delicate posterior capsule accident- 
ally when attempting extracapsular extraction, and for this reason it is 
important to cut the anterior capsule with a cystitome all round the edge of 
the dilated pupil before removing the central area with capsule forceps. 
If any capsular tag remains it must not be torn out but should be carefully 
cut off with iris scissors. These technical modifications have greatly im- 
proved the prospects of good and lasting results, for since they were intro- 
duced there have been few posterior dislocations. Fortunately, a dislocated 
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lenticulus, though most distressing, is less serious than a dislocated human 
lens, and does not generally set up chronic uveitis and cause glaucoma, but 
in one case a dislocated lenticulus wore a hole in the retina, causing detach- 
ment. In some eyes in which this posterior dislocation occurred, normal 
visual acuity was restored with a cataract glass. Extraction of a lenticulus 
from the vitreous chamber is a difficult procedure which we have not 
attempted though others have reported cases. 

Another late complication only recently becoming evident is iris atrophy 
from pressure by the rim of a badly-centred lens. If this is severe, extraction 
of the lenticulus is advisable and in suitable cases it may be replaced with an 
anterior chamber lens. 

Glaucoma has not been a common sequel but may be primary or secondary 
to low-grade uveitis. Loss of the anterior chamber generally indicates an 
aqueous obstruction in the iris plane. If the lens is adherent to the iris and 
the peripheral iridectomy becomes blocked, an iridotomy through the 
iridectomy may be enough to relieve the tension; other types of glaucoma 
are treated on general lines and if necessary by a drainage operation. 

There has been one case of sympathetic ophthalmitis in a series of about 
750. operations. Fortunately, with steroid therapy and simple extraction of 
the inflammatory cataract, visual acuity of 6/60 to 6/36 has been retained. 

There have been three cases of retinal detachment, one of which followed 
a blow on the eye. 


Discussion 

In spite of the complications discussed above, the majority of cases, 
even some of the earliest series, continue to be satisfactory. It is not pos- 
sible to assemble all the patients, and many indeed must by now have died, 
but it would appear that the present results are rather better than those of 
our cases of several years’ duration which were re-examined in 1956 (H. 
Ridley, 1956). It was reported then that operations performed in 1951, 
1952, and 1953, still provided after an interval of 3 to 5 years visual acuity of 
6/12 or better in about half the cases, 6/9 in one-third, and 6/6 in one-quarter 
with the aid of low-power spectacles, compared with 6/9 in two-thirds and 
6/6 in one-third initially (H. Ridley, 1956). It must be remembered, in 
comparing visual results, that uniocular cataracts often have an uncertain 
background and that posterior segment lesions may be discovered in single- 
stage operations only after the lens has been inserted, whereas in two-stage 
operations no intra-ocular lens would have been used and the case therefore 
rejected from the series. 

In spite of the high proportion of good and lasting results, with which the 
patients are usually most satisfied, the posterior chamber lens operation has 
revealed some disadvantages, the immediate drawbacks being principally the 
technical difficulty and the rather severe post-operative reaction, and the late 
drawbacks being dislocations and retraction and atrophy of the iris. 





INTRA-OCULAR ACRYLIC LENSES 


Anterior Chamber Lenses 


With a few notable exceptions, most ophthalmic surgeons who perform 
the acrylic lens operation at the present time prefer an anterior chamber 
implant such as was originally devised by Strampelli (1954). This has 
several advantages. The combined operation can more easily be performed 
in two stages, thereby simplifying the technique and making the operation 
less severe on the eye. An anterior chamber lens does not require the sup- 
port of an intact posterior capsule and can be used after intracapsular 
extraction. Its precise optical requirements can be calculated when the eye 
is aphakic, so enabling a ‘‘bespoke”’ lens to be ordered. In the event of 
later trouble it is easier to remove or even exchange the implant for one of ° 
different size or pattern. On the other hand there are disadvantages. The 
most important of these is the danger to the corneal endothelium and the 
delicate structures in the angle of the anterior chamber which are not well 
adapted to withstand pressure or contact. Too small a lens will twist or 
turn on its axis and one too large may distort the globe and damage struc- 
tures in the angle. Either misfit may produce considerable astigmatic 
errors and a mobile lens, if left in the eye, is likely to produce a gradual but 
apparently irreversible corneal degeneration, the earliest sign of which 
demands immediate removal of the implant. 

The design for an anterior chamber lenticuius presents quite a difficult 
mechanical problem. The ideal implant should be comparatively easy to 
insert. To remain stable in position it needs to be an exact fit in the angle 
whilst causing minimal pressure on or distortion of sensitive structures. It 
must on no account touch the cornea at any point, and for optical and cos- 
metic reasons should lie close to but just clear of the iris. From the purely 
mechanical aspect a lens based on an equilateral triangle would seem ideal, 
for the inherent stability of this structure has been recognized since the time 
of Euclid. 

Very many designs of anterior chamber implants have already been 
produced. The original Strampelli design with subsequent modification has 
been most generally employed and can give very good results. It is simple 
to insert through a small incision but, since it is a rigid implant, great care 
must be taken to ensure a close fit in the anterior chamber, the precise width 
of which is not easy to measure. In view of this difficulty, several surgeons 
(Barraquer, 1956, 1957, 1958; Dannheim, 1957; Leib and Guerry, 1958; and 
others) have devised non-rigid implants with bases which are in varying 
degrees flexible. All of these are complicated and present constructional 
difficulties and they must be somewhat fragile. If truly flexible they cannot 
be as stable as a well-fitted rigid implant, and to achieve adequate fixation the 
flexible haptic must press into the anterior chamber angle. 

In an attempt to achieve maximal stability with minimal pressure, an im- 
plant based on tripod support has been designed (H. Ridley, 1957), and this 





710 HAROLD RIDLEY 


has recently undergone minor but important modifications. The ideal 
equilateral triangle has not been employed because of the large incision which 
would be required for insertion, but a broad-based isosceles design has been 
used which gives adequate protection from tilting or turning without re- 
quiring firm fixation in the angle. The original pattern was a simple struc- 
ture, but the new model (Mark II) has been made thinner and the tips of the 
haptic legs have been flattened (see Figure) to lessen the danger of pressure 
on the corneal periphery and to keep the lenticulus close to, but:-just clear of, 
the iris. This position, being nearer the nodal point of the eye, minimizes 
aniseikonia. Such an implant is comparatively easy to insert and, if properly 
fitted, cannot tilt, though it may turn a few degrees in the convalescent stage 
' before becoming stabilized in its final position. 


Curvature variable 
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All measurements in millimetres 


FicurE.—Design of tripod anterior chamber lens, Ridley Mark II ( x 4). 


Anterior Chamber Implant Insertion (Two-Stage) 


An eye is generally in its best condition to receive an anterior chamber 
lens several weeks after extraction of the cataract when it has completely. 
recovered from the first operation. Insertion of a tripod anterior chamber 
implant into an aphakic eye is not difficult but requires attention to detail. 
The intra-ocular pressure should be low, and complete miosis is desirable, 
but in traumatic cases not always possible. 

The haptic of the lens selected should be 1-1-25 mm. greater than the trans- 
verse diameter of the cornea. At least one pre-placed corneal suture is 
required to control the section while the upper leg of the implant is being set, 
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and the author prefers a half-depth corneal mattress stitch inserted before the 
section ismade. A von Graefe knife section from 10 to 2 o’clock is made; 
it is important that this should not be limbal and a conjunctival flap, desirable 
as it is, must be sacrificed in favour of a peripheral corneal lip under which 
the top leg of the implant can be set. The lens, grasped by special forceps, 
is introduced and is slid with a slight side-to-side movement over the face of 
the iris. Care is required to prevent one of the lower legs of the implant 
entering the pupil, especially if the cataract extraction was intracapsular. 
When the lower legs appear to have reached the periphery of the cornea, the 
upper leg will still be 2-3 mm. outside the section, and the surgeon may be 
tempted to remove it and try one of smaller size. It will be found, however, 
that, by pulling on the scleral half of the mattress suture and simultaneously 
pushing the upper leg of the implant downwards and backwards, the implant 
will slip into a fair position. At this stage the mattress suture is tied and other 
simple corneal sutures are placed on either side of it. An iris repositor or 
spatula is then passed through one edge of the section and over the upper 
limb to ensure that it is truly in the angle and not resting on the upper lip 
of the corneal section. Finally, a small iridectomy or iridotomy is made 
through each end of the section, for if this is not done the pressure of the 
lens on the iris may lead to pupillary-block glaucoma. Air or Ringer 
solution is injected into the anterior chamber to press the iris into position. 
The post-operative reaction is usually not severe and local steroid therapy 
can be employed as the occasion demands. 


Anterior Chamber Implant Insertion (One-Stage) 

It is evidently a more severe and difficult operation to combine extraction 
with lens insertion, though it is in many respects desirable and avoids a 
second period of hospitalization. Single-stage operations, particularly those 
including intracapsular extraction, are not recommended unless the surgeon 
has considerable experience of intra-ocular acrylic lens surgery and its after- 
care. Complete miosis after extraction is essential if it is proposed to pro- 
ceed forthwith to insert the implant, and injection of isotonic 0-5 per cent. 
pilocarpine into the anterior chamber will usually effect this. When an 
anterior chamber lens is inserted after extracapsular extraction, the posterior 
capsule need not be opened, for a capsulotomy can, if necessary, be performed 
later without displacing the lens, which incidentally acts as a guide to the 
optimal position for the aperture. 


Anterior Chamber Lenses and Injured Eyes 

Many of the eyes which require acrylic lens surgery have become aphakic 
as a result of trauma. In these cases, associated damage to cornea or iris 
may indicate some modification of technique or even the use of a specially- 
designed lens. A good visual result may be obtained even if vitreous is in 
contact with the back of the lens. 










HAROLD RIDLEY 


Conclusions 


Though increasing numbers of surgeons throughout the world are em- 
ploying intra-ocular lenses, mainly in uniocular aphakia for which their indi- 
cation is strong, initial disappointment has tended to discourage others. 
There is no doubt that posterior chamber lenses, though they restore the 
true anatomy and optical system of the eye, are prone to give rise to com- 
plications unless care is taken in the selection of cases and exceptional 
attention is paid to surgical minutiae and post-operative treatment. The 
technical requirements of intra-ocular lens surgery will always be high and, 
whilst single-stage operations involving combined cataract extraction with 
acrylic lens insertion are still to be recommended only to surgeons who are 
not only skilful but well-experienced in the use of intra-ocular prostheses, 
there seems no longer any good reason to discourage others from two-stage 
or even three-stage techniques: the first stage being extracapsular extraction, 
the second insertion of an anterior chamber lens, and the third, if necessary, 
capsulotomy. The rigid tripod lens, recently modified, though a little more 
difficult to insert than some others, has the virtue of remaining in position 
without touching the cornea with minimal pressure in the angle of the 
anterior chamber. 

Intra-ocular acrylic lenses seem now after 10 years to have found a per- 
manent place in ophthalmic surgery and their successful use gives great 
satisfaction to both patient and surgeon. . Their future development is a 
stimulating experience in which many can usefully join. 
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RESULTS IN 39 BILATERAL RIDLEY INTRA-OCULAR 
IMPLANTS*+ 


BY 


WARREN S. REESE 
Consulting Surgeon, Wills Eye Hospital, Philadelphia, Pa 


THE purpose of this communication is to demonstrate that the insertion of 
the Ridley intra-ocular implant is feasible. No informed, experienced oph- 
thalmic surgeon can deny that this new procedure is a great step forward 
in the treatment of unilateral cataract, nor that it has helped to focus 
attention on this baffling condition. I decided that if a reasonable percent- 
age of these operations could be shown to be successful bilaterally it would 
offer substantial proof of the value of the Ridley operation. 

In previous papers I have stated that the Ridley operation is more hazar- 
dous than the conventional cataract extraction, but also that a successful 
Ridley operation results in distinctly better ocular rehabilitation than a 
successful conventional extraction. The hazards of new methods may be 
considered worthwhile because of the superior results obtained, the so-called 
calculated risk. In the United States, it has been stated that our results 
are better than others, and at the symposium on intra-ocular implants at the 
Barraquer Institute, held in September, 1958, Ridley was kind enough to say 
that our results were better than his, explaining, quite properly, that this was 
probably due to his pioneering. In fact, it seems that Ridley’s results and 
ours are about the same; possibly we have had fewer vitreous dislocations, 
whereas he has had fewer iris prolapses, etc. I mention this simply to show 
that if two surgeons have done a fairly large series of these operations with 
reasonably good results, the operation cannot logically be blamed for some 
of the bad results of which we have heard. 

Not only does the selection of cases require experienced judgment, but 
the operation itself is difficult and the post-operative care most demanding. 
The Academy of Ophthalmology and Oto-Laryngology early issued a stern 
warning against the operation, and I publicly agreed with this dictum in the 
hope that it would deter inexperienced and unskilled men from attempting 
it. Unfortunately, the warning seemed to have had the opposite effect, so 
that few outstanding men tried it. Current opinion, though recently much 
less prejudiced, is still unfavourable. Every new method must be given con- 
siderable trial before its efficacy can be determined; indeed, it may be said 
that modern cataract extraction has evolved during many years of surgical 
experimentation on the human eye, starting with the work of von Graefe. It 
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seems that in this respect the Ridley operation has not been given a “‘square 
deal’’, and it is hoped that the data here presented may cause it to be regarded 
favourably. These data have been difficult to collect as the patients came 
from various parts of the United States, which made follow-up unsatisfac- 
tory and reduced the success of this series, as I shall show. 

The Ridley operation was carried out bilaterally in 39 patients (Table). 
In only one of the 78 eyes did we fail to complete the operation; in this case 


TABLE 


RESULTS 





Date of First 
Operation 


First Eye 


Corrected Visual Acuity 





Distance 


Near 


Operation 


| 


Second 
Eye 





23.8.53 


19.5.53 
5.3.54 
13.2.53 


1.3.99 


3.10.52 
10.11.54 
17.2.54 
20.1.55 
25.1.54 
14.5.54 
17.12.53 
26.10.53 
3.8.53 
9.11.55 
19.2.55 
23.9.53 
6.11.53 
28.9.55 
6.4.55 
22.8.56 


13.6.56 
28.11.56 
10.12.55 

1.2.55 

14.2.56 

25.4.52 
31.10.57 

30.1.58 

26.9.56 

6.2.58 

17.4.57 
24.10.54 
23.10.58 


17.10.57 


25.7.57 
29.6.55 
27.6.57 
6.2.58 
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Right 
Right 
Left 

Left 

Right 
Right 
Right 
Right 
Left 

Right 
Right 


Left 
Left 
Right 
Right 
Left 
Right 
Left 
Left 
Right 
Right 
Left 
Right 
Left 


Left 
Left 
Left 
Left 





20/15 


20/20 
20/30 to 20/50 
20/20 


20/20 


20/30 +5 
20/20 to L.P. 
20/15 
20/20 
20/30 + 
20/20 -2 
20/30 
20/15 
20/20 
20/20 -1 
20/40 


20/30 + 


20/20 

20/30 - 3 to 20/70 
20/20 to 20/30 
20/20 





Jl 


Jl 
Jl to J12 
J3 
Jl 








27.1.54 


8.10.54 
15.11.54 
7.1.55 


9.2.55 


15.2.55 
18.5.55 
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loss of vitreous compelled us to change to a conventional extraction, and the 
eye made a good recovery. There was no case of infection. Glaucoma 
occurred-in five eyes (6:41 per cent.). There were five cases of iris prolapse; 
while all of these were small, and appeared to give no trouble, they did, I 
believe, induce glaucoma, as this occurred in two out of the five so that a 
large percentage of the glaucoma in this series may be attributed to surgical 
error, if iris prolapse can be so construed, rather than to the operation, per se. 


IN 39 CASES 








Corrected Visual Acuity Date of Last 


Complications Estimation of 
Visual Acuity 





Distance Near 





20/20 Left: Anterior chamber haemorrhage 7 weeks post- 
operatively 9.4.59 

Hand movements Left: Chronic uveitis 10. 

Left: ? Posterior capsule 

Right: Anterior capsule-corepraxia 

Both Eyes: Anterior anata a 

Right: Iris prolapse 

Right: Increased tension 

Right: Detached retina 

Left: Iris prolapse; increased tension 


Right: Questionable hypopyon 2 days post-operatively 
Macular disease in second eye 


Right: Attempted but not done. Visual acuity 20/20 
Right: Lens removed; ? trauma. Visual acuity 20/20 





Left: Iris prolapse 

Right: Lens removed; ? trauma. Visual acuity 20/20 

Right: Increased tension; anterior chamber haemor- 
rhage 

Left: Iris prolapse 


Right: Iris prolapse; increased tension; uveitis 


Right: Iris prolapse 

Left: Anterior capsule-corepraxia 
Left: Anterior chamber haemorrhage 
Left: Lens removed; over-dilatation 
Left: Increased tension i \ 
Right: Anterior capsule-corepraxia 
Left: ? Posterior capsule 


Right: Severe reaction 
_ 21.10.59 
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The glaucoma in these cases, I feel sure, responds much better to both medical 
and surgical treatment than in conventional cases. There was one case of 
retinal detachment (1-28 per cent.). There were five cases of pupillary occlu- 
sion, of which three obtained good vision from a division of the pupillary 
membrane, which Ridley calls corepraxia. There were no cases of dis- 
location of the acrylic lens into the vitreous, but in three instances the acrylic 
lens had to be removed, because of over-dilatation of the pupil from injudi- 
cious use of atropine in one case, and trauma in the other two cases. The 
average corrected distance vision of the eyes with 20/200 or better was 20/24, 
and the average near vision slightly better than Jaeger 2. There were four 
cases in which the vision was less than 20/200. Three had late anterior 
chamber haemorrhages, but these absorbed and the eyes recovered good 
vision. Except for striate keratitis, none of these eyes had corneal complica- 
tions. In one case, neglect of follow-up treatment, due partly to a doctor’s 
prejudice and refusal to see the patient again, resulted in greatly reduced 
vision from an untreated uveitis. In general, the visual acuity improved 
remarkably post-operatively over a period of months or even years, and some 
had exceptionally good uncorrected near and distant vision. In four cases 
the visual acuity decreased, possibly through the formation of a membrane 
on the posterior surface of the lens or through malposition of the lens; the 
cause was not definitely determined, except the case of uveitis mentioned 
above. 

Practically all in this series were private patients who were unusually well- 
informed. Indeed, I learned a great deal from some who had read up the 
ophthalmic literature. Fortunately, they were also very brave and idealistic, 
and if intra-ocular implants eventually become commonplace, the profession 
will have these persons to thank. Their attitude imposes a great responsi- 
bility on the ophthalmic surgeon, and should deter unskilled and untrained 
men from simply “trying the operation”’. 

The main obstacle to the more frequent use of this new procedure is the 
very severe post-operative reaction which is seen in a relatively small per- 
centage of cases. This may even be accompanied by a hypopyon which is 
very frightening until one finds that it disappears quickly under appropriate 
treatment. It is possible that improvements in the technique of the opera- 
tion and in the methods of predetermining, forestalling, or minimizing this 
reaction may decrease this unfortunate percentage, but this would require 
time and much more collaboration than has heretofore been possible in the 
United States, where I have been a lone wolf, especially since the passing of 
my old friend, Dr. William Zentmayer. 

An erisophake-type of instrument is being developed that may not only 
facilitate the lens implantation and thus reduce post-operative reaction, but 
may also help to position the lens more accurately, thereby increasing the 
success of the operation. Ridley recently sent me a new lens which he hopes 
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may work better than the present one. When one considers how few sur- 
geons have worked seriously on any large number of cases, it is remarkable 
how much progress has been made. 

This series of 39 bilateral cases has been presented primarily to highlight 
the various complications and difficulties, since two operations in the same 
patient disclose more hazards than one. It is my aim to present a simplified 
and more comparable series than has been hitherto available and to justify 
my confidence that the Ridley operation can be done successfully. From my 
own standpoint, the best and simplest way of determining the efficacy of this 
new method would be to interview and test patients operated on successfully 


by both methods. 
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A PLEA FOR LATERAL ORBITOTOMY 
WITH CERTAIN MODIFICATIONS* 


BY 


H. B. STALLARD 
London 


THE frontiers of human interest and work are often disputed and there is no 
exception in the anatomical dividing lines of the surgical specialties. It is 
particularly important that the surgeons who meet at the frontier of the orbital 
walls should know thoroughly how to respect and handle the structures in the 
neighbouring surgical fields and be prepared to deal effectively with any 
unexpected operative adversity and complication in their neighbour’s region. 

It seems reasonable to claim that the contents of the orbit should be the 
province of the eye surgeon. With modern diagnostic aids, particularly good 
stereo-radiographs, it is possible to be fairly certain that a neoplasm is within 
the orbit and to note the osseous changes suggestive of intracranial extension 
which occurs in 16 per cent. of orbital neoplasms. Arteriography and veno- 
graphy, using a 60 per cent. contrast medium (Urografin-Schering), may help 
the diagnosis in a few cases, particularly a varix of the superior ophthalmic 
vein. The contrast medium reaches the ophthalmic artery in 98 per cent. of 
cases and extends to the frontal and supra-orbital arteries in 87 per cent. and 
in 74 per cent. the choroidal plexus is seen as a crescent. Displacement of 
the choroidal plexus remarked upon by the radiologists is, I think, of no 
more diagnostic value than the displacement of the eyeball, and variation in 
the course of the ophthalmic artery, normally tortuous, is not of great help. 
Venography by injection of the angular vein through the skin is technically 
difficult, for the head must be inclined downwards and the frontal and facial 
veins compressed during the injection. 

Probably the value in these studies is the demonstration of pathological 
vascularization around some space-occupying lesions and not in the displace- 
ment of the ophthalmic artery and choroidal plexus. 

Injection of sterile air into an orbit may also yield indefinite results. It is, 
of course, clearly evident that a neoplasm which involves both the orbit and 
the inside of the cranial cavity, or arises inside the nose, should be attacked 
by the neuro-surgeon and the ear, nose, and throat surgeon respectively, or 
by acombined team. When the neoplasm is within the orbit, is retro-ocular, 
or arises from the lacrimal gland, or is a dermoid with ramifications into the 
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roof and through the lateral wall of the orbit, lateral orbitotomy affords, in 
my opinion, adequate exposure for removal. Indeed, this approach is 
justified by the fact that most retro-ocular neoplasms are situated above, to 
the lateral side, and below the optic nerve, only about 4 per cent. being on 
the medial side of the optic nerve. Moreover, most of the important blood 
vessels and nerves lie on the lateral side of the optic nerve. 

The points against the transfrontal approach are these: 

(1) The mortality even in good hands is quoted by Reese (1952) to be 4-1 per 
cent., and other authors report a higher incidence than this. 

(2) Failure to find the neoplasm. Several authors quote examples in which the 
transfrontal operation did not expose the neoplasm which on subsequent 
lateral orbitotomy was readily accessible for removal. 

(3) Excision of part of the frontal lobe has sometimes been necessary to obtain 
better access to the orbit. 

(4) There is sometimes a stormy post-operative period. 

(5) Subsequent ptosis and superior rectus weakness. 

(6) If the frontal and ethmoidal sinuses are inadvertently opened, meningitis and 
rhinorrhoea are rare complications. 

(7) It is well known that there is a high mortality in attempting the excision by 
the transfrontal route of a glioma of the optic nerve which has spread along 
the optic canal to the chiasma in a child. 


It is a curious fact that the remnants of certain neoplasms, such as glioma 
of the optic nerve, meningioma of the optic nerve sheath, and haemangioma 
left in the 1 cm. of the apex of the orbit because of the danger of complete 
dissection in this small area crowded with important anatomical structures, 
may remain without growing for 15 years. 

The following is a brief description of the salient surgical features of a 
lateral orbitotomy which gives wider access to the orbit than Krénlein’s 
operation, exposes a lacrimal gland neoplasm in such a manner that the mini- 
mum manoeuvres are required for its excision, and allows part of the orbital 
roof to be nibbled away. It differs in small features from Dickson Wright’s 
operation, which combines some of the advantages of the transfrontal 
approach: 

(1) The incision is lower and in the eyebrow line. 

(2) The lateral orbital wall is preserved and not nibbled away. 

(3) The orbital periosteum is reflected in two flaps and sewn up carefully at the 

end of the operation. 


Fig. 1 shows the incision. The supra-orbital part is hidden in the upper 
line of the eyebrow and the part above the zygoma is rendered less con- 
spicuous by being made in the horizontal skin fold of the crow’s foot. It is 
well to make a gentle curve where the curved supra-orbital part of the incision 
joins the straight horizontal part for the scar is less obvious than when this is 
angled. 
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Fic. 1.—Incision. Fic. 2.—Incision of periosteum 2 mm. from 
supra-orbital and lateral orbital margin. 


The skin and orbicularis muscle flaps are retracted by strong silk sutures 
clamped to the head towel. The periosteum is incised 2 mm. behind the 
supra-orbital and lateral orbital margins (Fig. 2), and is stripped up to the 
margin where it is firmly attached. Thereafter it is important for the surgeon 
to change his position and face the overhanging orbital margin to strip the 
periosteum intact from the margin. Thence it is easily separated from the 
lateral orbital wall back to the lateral end of the superior orbital fissure and 
posterior end of the inferior orbital fissure. The temporal muscle is incised 
for 2 cm. about 5 mm. below its origin and is reflected from the posterior 
aspect of the lateral orbital wall and outer surface of the greater wing of the 


sphenoid (Fig. 3). 


Bone Incisions.—Fig. 3 shows: (1) a vertical incision through the supra- 
orbital margin and roof for about 7 mm., (2) a frontal incision through the 
roof of the orbit and down to the junction of the frontal bone with the great 
wing of the sphenoid in the temporal fossa, and (3) a horizontal incision 
through the malar bone conforming with the line of the lower orbital margin 


and upper border of the zygoma 
and down to the anterior end of 
the inferior orbital fissure. 


Fic. 3.—Orbital periosteum and orbital 
contents retracted medially. The tem- 
poralis muscle has been cut for 2 cm., 
5 mm. below and concentric with its 
origin, and is reflected from the posterior 
surface of the lateral orbital wall and the 
temporal fossa. An anterior view of 
the bone incisions is shown. Holes are 
drilled for retention catgut sutures when 
the bone is replaced at the end of the 
operation. 
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Fig. 4 shows: (4) a vertical cut made with an osteotome through the lateral 
wall of the orbit on a level with the temporal fossa. 


Fic. 4.—Posterior surface of lat- 
eral orbital wall seen from tem- 
poral fossa. Bone cut joining 
upper with lower incisions is 
made with an osteotome. 


With a dental roseheaded burr, four pairs of holes are drilled obliquely 
to meet in the depths of the bone incisions for the accommodation of 20-day 
catgut sutures to fix the bone fragment when this is replaced at the end of 


the operation. 
The bone is removed by non-touch technique with lion forceps and placed 


in warm saline in a covered container. 


Periosteal Incision—The periosteum is incised antero-posteriorly over the 
lateral rectus muscle and then crescentically 2 mm. behind its anterior edge. 
The two flaps thus formed are dissected, and their corners are fixed with 
catgut sutures and reflected, the upper towards the temporal region and the 
lower over the malar (Fig. 5). 


Fic. 5.—Incision in 
orbital periosteum. Re- 
flexion of flaps. Re- 
traction of lateral rectus 
belly. Dissection of 
retro-ocular neoplasm. 
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The belly of the lateral rectus muscle is either retracted by a suture or, to 
assist access to the neoplasm, the muscle is divided between mattress sutures 
of 20-day chromic catgut between the equator and its insertion. 


Removal of the Neoplasm.—Separation of the orbital fat is done carefully 
in the antero-posterior direction, in the line of the vessels and nerves and not 
across it, to expose the neoplasm. Thereafter dissection is kept as close as 
possible to the neoplasm except when the neoplasm arises from the lacrimal 
gland. 

Benign neoplasms, such as a haemangioma, a neurofibroma, or a neuri- 
lemmoma, are easily separated from the orbital tissue. Because of the risk 
of seeding, lacrimal-gland neoplasms receive the minimum of manipulation 
in dissection and it is well to keep wide of the neoplasm and to look for any 
satellite areas of growth in its vicinity. Often such neoplasms extend far back 
towards the apex of the orbit. Dermoid cysts may press the roof of the orbit 
upwards, erode the roof and the supra-orbital margin, and be attached to 
dura. Ifthe dura is opened in the dissection of the cyst it is closed by a piece 
of temporal muscle if the opening is 5 mm. or less and by a square of fascia 
lata if it is larger. 

Some dermoid cysts may extend in a dumb-bell shape into the temporal 
fossa. 

An infiltrating malignant neoplasm and a chronic inflammatory mass are 
best left alone without attempting dissection. 

A meningioma of the optic nerve sheath is incised along the length and 
course of the nerve from which it may be carefully peeled in the early stages 
of the neoplasm, for infiltration of the nerve is a late event. It may be 
possible to test its limitation to the nerve sheath by moving it forwards and 
backwards along the nerve. The removal may have to be piecemeal and 
indeed some of the neoplasm may have to be left in the apex of the orbit. 


A little more room for the manoeuvres of the dissection may be gained by 
nibbling away the lateral half of the orbital roof (see Figs 6 and 7, 


opposite). 


Closure of the Wound.--The lateral periosteal flaps are brought together 
and the incisions are closed from behind forwards with interrupted sutures 
of chromic catgut. The temporal muscle is replaced and sutured to its in- 
sertion. The resected bone of the supra-orbital margin, the roof of the 
orbit, and the lateral wail is replaced and secured in position by 20-day 
chromic catgut sutures passed through the four pairs of drill holes adjacent 
to the bone incisions. The orbicularis muscle and subcutaneous tissues are 
united by a layer of interrupted 20-day chromic catgut sutures. Generally 
no drain is required unless there has been considerable oozing. The skin 
incision is closed by fine silk sutures. A pressure dressing is applied. 
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Malignant (Oedematous) Exophthalmos.—When it is necessary to de- 
compress the orbit because of papilloedema, scotomatous changes in the 
visual fields, and failing vision, the lateral orbitotomy incision described 
above may be used. On reflexion of the temporalis muscle, the posterior 
surface of the lateral orbital wall and the junction of the great wing of the 
sphenoid with the frontal bone are exposed. At the latter site, Hudson’s 
burr is applied (Fig. 6) and the dura is exposed. From this opening the 
lateral wall of the orbit and the orbital roof lateral to the frontal sinus 
may be nibbled away (Fig. 7). 


Fic. 6.—Hudson’s burr applied to junc- Fic. 7.—From the burr hole (see Fig. 6) 
tion of great wing of sphenoid with the lateral wall and part of the roof of 
frontal bone. the orbit are nibbled away. 
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CHOROIDEREMIA* 


BY 


J. K. PAMEYER, P. J. WAARDENBURG, AnD H. E. HENKES 


Deventer, Arnhem, and Rotterdam, The Netherlands 


CHOROIDEREMIA is a rare Clinical entity. The name, which implies a congeni- 
tal absence of the choroid, is not very well chosen, as the choroid is not 
absent at birth. The condition is progressive in males and leads to blind- 
ness. In the females of the family, who transmit the condition, fundus 
changes appear but do not lead to blindness or cause major functional 
disturbances. 

It was first described by Mauthner (1871) and in the Netherlands by 
Goedbloed (1942), who identified it in a male patient aged 38 years whose 
mother and sister showed fundus alterations of the pepper-and-salt type. 
Goedbloed assumed an intermediate X-chromosomal transmission, and 
Waardenburg (1942), after an extensive study of the existing literature, came 
to the same conclusion. 


Goedbloed observed that choroideremia was a separate clinical entity, 
and that there was no question of its being an extreme form of either atropia 
retinae pigmentosa or atrophia gyrata retinae et choroideae. Duke-Elder 
(1938) included choroideremia under the congenital developmental anomalies, 
assuming that it was not only congenital but also stationary, and advancing 
three possible explanations of the abnormality. Verhoeff (1947) main- 
tained that the anomaly was due merely to the abnormal growth of a gliosis 
covering the choroid and pigment epithelium. Mann (1957) referred to it 
as a developmental disturbance and gave a somewhat mistaken description 
of the clinical picture. Mann suggested that the condition was due either 
to a failure of the ciliary arteries to bud out from the ophthalmic artery, 
or to a failure of the optic cup to produce pigment with a consequent absence 
of capillary outgrowth even if the arteries began to develop. Mann quoted 
the genealogy reported by McCulloch and McCulloch (1948), with the remark 
that the clinical picture was not yet clearly understood. 





* Received for publication September 11, 1959. 
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Present Investigations 


In 1957, a 7-year-old boy was brought for examination to one of us 
(J.K.P.) because of deteriorating vision. At that time, the visual acuity was 
about 3/4 for both eyes, with correction —2 D cyl., axis 10° in the right eye, 
and —2 D cyl., axis 160° in the left eye. The anterior segment and the 
media were normal. The discs were somewhat pale and the retinal vessels 
normal. Around the optic discs some atrophy was present. The macular 
region seemed to be normal. At some distance from the central area an- 
other atrophic region was observed extending to the periphery; there was a 
pepper-and-salt appearance with all sorts of pigment shifts in the form of 
garlands and freakish shapes. 

The mother said that the boy had not complained, but that she had 
noticed that he would take her arm when it began to grow dark. When he 
entered the dark room it was obvious that he had difficulty in finding his way. 

A paediatrician reported that the boy was in good health, with no signs of 
congenital syphilis, and that blood tests were negative. 

The diagnosis became obvious when the mother mentioned that her 
brother had poor sight. This patient (Case 2) proved to have been under 
observation for many years, and showed the typical picture of advanced 
choroideremia. 

A detailed study of the two affected members of this family (Family V: 
see Pedigree Chart) as well as of three female carriers, was undertaken in 
1958. 

Another family (Family G: see Pedigree Chart) was bicoaht to our notice 
in 1958 by Prof. J. ten Doesschate of Utrecht. A boy aged 6 was affected, 
and his mother and two aunts were found to be carriers. 


FAMILY V. FAMILY G. 
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Case Reports 
FAMILY V 


Case 1, a boy born in 1949, showed an early stage of choroideremia (Fig. 1, opposite). 


Visual Acuity : : 
Right Eye (with correction —1:75 D sph., —0-75 D cyl., axis 0°): 7/10. 
Left Eye (with correction —0-75 D sph., —1 D cyl., axis 0°): 5/10. 
Examination.—The anterior segment and media were normal, with no translucency 
of theiris. Discs pale but not wax-like, retinal vessels of very fair quality, zone of choroi- 
dal atrophy visible around the optic nerve. In the retina the macular region appeared 
to be more or less normal, though with very fine pigmentation; at the equator and already 


to some extent more centrally, there seemed to be large retinal “‘holes’’, where a pro- 
nounced atrophy of the choroid in the form of thinning and disappearance of the choroi- 
dal vessels was clearly visible. The meshes between the holes were brownish in colour 
and formed freakish shapes containing pigmentations. With the slit lamp and fundus 
contact glass, as well as with the binocular ophthalmoscope, it was seen that the pig- 
mentations lay in the deepest layers of the retina and that no migration of pigment to 
the superficial layers had taken place. The retinal vessels crossed the meshes, climbing 
in and out of the “holes” of thinning chorio-retina, where the migration of the deep- 
lying pigment epithelium was well under way but remained in the same layer. Here and 
there the choroidal vessels showed a narrowing of the blood column, with an apparent 
relative thickening of the vessel wall and farther on a partial or total dissolution of the 


vessel. 


Case 2, a man born in 1900, the maternal uncle of Case 1, had suffered for years from 


advanced choroideremia. 


Visual Acuity 
Right Eye (with correction —6 D sph., —0-5 D cyl., axis 90°); 1/6. 


Left Eye: Hand movements at 1 metre. 


Examination.—Retinoscopy revealed a myopia of 3 D. The anterior segment was 
normal, and the iris not translucent. There was bilateral optic atrophy and a narrowing 
of the retinal vessels. Paracentrally in both eyes was a small area of a few degrees of 
normal retina, and corresponding to it a few choroidal vessels. Most of the choroidal 
vessels had disappeared, leaving the well-known appearance of the naked sclera. 


Case 3, a woman born in 1912, mother of Case 1, had apparently normal vision, but 
there were certain fundus changes (Fig. 2, opposite). 


Visual Acuity 
Right Eye (with correction —0-5 D cyl., axis 120°): 10/10. 
Left Eye: 10/10. 

Examination.—The anterior segment was normal, with no translucency of the iris. 
The discs were somewhat pale, showing the same peripapillary atrophy of the choroid as 
Case 1. The retinal vessels were normal and the macular region more or less normal, 
but paracentrally and increasing towards the equator atypical garland-like pigmenta- 
tions gave the fundus anextremely untidy aspect. Here and there the walls of the chor- 
oidal vessels seemed to be too clearly marked, and in some places a possible absence of the 
blood column and even occasionally a complete disappearance of the vessel was observed. 





Fic. 1.—Early stage of choroideremia 


in a boy aged 8 (Case 1). 


Fic. 2.—Female carrier of choroid- 


eremia (Case 3, mother of Case 1). 
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Case 4, a young woman born in 1941, the elder sister of Case 1, was also a carrier. 


Visual Acuity 
Right Eye (with correction — 1 D sph.): 11/10. 
Left Eye (with correction —0-5 D sph., 0-5 D cyl., axis 15°): 11/10. 


Examination.—The anterior segment was normal, with no translucency of the iris. 
There was some temporal atrophy of the optic discs, normal retinal vessels, and no 


alterations in the central area of the retina. More peripherally, especially at the equator, 
the same atypical pigmentations as those in Case 3 were visible. 'The Goldmann contact 


glass showed that these abnormal pigmentations occurred in the deepest layers of the 
retina and did not tend to come to the surface. The retina was of normal thickness. 


At the periphery of the fundus, the choroidal vessels again seemed to be pronounced, 
with a tendency to narrowing of the blood column. 


Case 5, a girl born in 1953, the younger sister of Case 1, was already beginning to show 
signs of the carrier condition. 


Visual Acuity: Both Eyes: 10/10. 


Examination —The anterior segment was normal. There were no abnormalities of 
the optic discs or retinal vessels. The macular area was normal, but towards the 


periphery the same granular, even garland-like, pigmentations were seen. 


FAMILY G 


In this family, the diagnosis of choroideremia was more difficult because there were 
no older men showing the affection in a more advanced stage, but fundus changes were 


observed in the mother and two maternal aunts of the propositus. 


Case 6, a boy born in 1950, was referred to one of us (H.E.H.) for diagnosis by electro- 
retinography (atypical tapeto-retinal degeneration?) from the Utrecht University Eye 
Clinic. He had been complaining of nigi:t blindness and deteriorating vision for one 
year. 


Visual Acuity: Both Eyes (with correction —2 D sph., —1-4 D cyl., axis 90°): 8/10. 


Examination—The anterior segment was normal. The fundus picture resembled 
that in Case 1, although the peripapillary atrophy was lacking. The macular region 
showed the same pigmentary mottling, and peripherally a “‘meshwork’”’ consisting of 
areas of normal, though pigmented, retina with “‘holes’’ of atrophied choroid and retina 
between them was seen. Pigment migration was found only in the deepest layers of the 
retina. At the periphery the meshes were less marked and the picture became chaotic. 
The periphery was abnormal, in contrast to the gyrate atrophy of the chorio-retina. 


Case 7, a woman born in 1908, mother of case 6. 
Visual Acuity: Both Eyes (with correction —2 D sph.): 11/10. 


Examination.—The anterior segment was normal. The same “meshwork” as that 
observed in Case 6 was seen in the periphery of the fundus with some pigment dispersion in 
the deepest layers of the retina, which showed no tendency to migrate into the superficial 
layers. In some places some of the choroidal vessels seemed to have disappeared. 
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Visual Functions in Patients and Carriers 


In the three affected males and four female carriers described above, the 
following data were recorded: visual fields (Goldmann perimeter), rate of 
dark adaptation (Goldmann—Weekers adaptometer), central colour vision 
(Ishihara, HRR-test, D-15 panel, and anomaloscope), and electroretinogram 
(single flash and flickering light stimuli). The technique of recording has 
been described in a previous publication (Henkes, 1958). The findings are 
summarized in the Table. 


TABLE 
VISUAL FUNCTIONS IN PATIENTS AND CARRIERS 





Visual 
Acuity (with Visual Functions Investigated 


correction) 





Right | Left Visual Fields Dark Adaptation — Electroretinogram 








1/6 | 1/300 | Island of 5-10° Not demonstrable Impossible | Right: Absent 
located to deter- responses 
Left: Only rudimen- 
tary photopic 
responses 


paracentrally mine 





Generally restricted | Considerable im- Normal Rod activity 
Central sensitivity pairment, rods extinguished 
relatively intact more than cones Cones practically in- 
Enlargement of tact left eye, but 
blind spot slightly affected 
right eye 





Generally restricted | As Case 1 Rod activity 

Central sensitivity ‘ extinguished 
relatively intact Cone activity 

Some enlargement of N impaired 
blind spot of left 
eye 


Some enlargement of | Rate of adaptation Scotopic activity 
blind spot, other- of cones and rods impaired 
wise normal retarded? Photopic activity 
practically normal 








Some enlargement of | Rate of adaptation Scotopic activity 
blind spot other- of cones and rods right eye probably 
wise normal slightly retarded? diminished 

Photopic activity 
normal 





Normal Normal? (not fully Scotopic activity 
reliable) . probably within 
normal limits 
Photopic activity 
normal 





Possible slight en- As Case 4 Scotopic activity left 
largement of blind eye probably 
diminished 
Photopic activity 
normal 


spot left eye, other- 
wise normal 





























Visual Fields 


Patients.—A survey of visual field data in patients and carriers was published by 
Francois, Verriest, and De Rouck (1956). An annular scotoma, found in two 
patients showing an early stage of disease, is mentioned by Sorsby, Franceschetti, 
Joseph, and Davey (1952). In most of these cases the visual field was limited to a 
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central area of 5 to 10°. In our Case 2 this extreme limitation was found, but in 
Cases 1 and 6 the reduction in retinal sensitivity was not yet very marked, and an 
annular scotoma could not be demonstrated (Fig. 3, Cases 1, 2, 6). 


page pps i sy 























Psy 3. ~Visual fields of ite male patients suffering from choroideremia. 
Advanced stage (Case 2). Early stage (Cases 1 and 6). 


Carriers.—Alterations in the visual fields in carriers have not been described 
except by Schutzbach (1938). In our four carriers the isopters were normal, but 
we found in some cases an enlargement of the blind spot corresponding with 
alterations in the retina and choroid (Fig. 4, Cases 3, 4, 5, 7, overleaf). 
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Fic. 4.—Visual fields of four female carriers of choroideremia (Cases 3, 4, 
5, 7). Some show a slight enlargement of the blind spot. 
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Dark Adaptation 


Patients.—Night blindness has been noted in every recorded case as a promin- 
ent symptom, but dark-adaptation curves could not be plotted in most of the cases 
described owing to the advanced stage of the disease. This was so in our Case 2, 
but in Cases 1 and 6 the curves revealed a serious impairment of the photopic and 
scotopic adaptation (Fig. 5, Cases 1 and 6). 


6). The curves for Case 2 could not be plotted. 


Carriers—Abnormalities in the dark-adaptation curves in carriers have not 
been noted, except that Schutzbach (1938) and Sorsby and others (1952) described 
impaired scotopic adaptation. Sorsby and others mentioned that one of their 
carriers was pregnant and that in another the adaptation was measured with the 
Della Casa adaptometer, which is an unreliable instrument for scientific purposes. 
The examination of our four carriers indicates a slight decrease in the sensitivity of 
the scotopic retinal system (Fig. 6, Cases 3, 4, 5, 7, overleaf). 


Colour Vision.—Tests with the pseudo-isochromatic plates (Ishihara, and 
AO.HRR test) and with the anomaloscope showed that colour vision in Case 1 
and in the four carriers was intact. In Case 6 a protan defect could be detected 
by the Farnsworth dichotomous test (D-15 panel) but the anomaloscope gave a 
normal reading. In Case 2 we were unable to test colour vision. 


Electroretinography 


Patients—Bounds and Johnston (1955) and von -Burstin (1958) were un- 
able to record a response from the retinae of their patients, and Francois and others 
(1956) noted a negative response to the Xenon-light flash. In all these cases the 
disease was far advanced, leaving a central visual field of only a few degrees. Our 
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Fic. 6.—Dark-adaptation curves for left and right eyes of four carriers of choroideremia (Cases 3, 
4, 5, 7). The rate of adaptation of the cone and rod systems is probably slightly retarded in 
some of the carriers. For Case 7 only the scotopic level after 25-30 min. is given for the left 
eye and 5-25 min. and 30-35 min. for the right eye. 


findings in Case 2 were similar with the single flash electroretinogram, using the 
conventional amplification of 500 microvolts/em. However, by selective amplifi- 
cation of the flicker electroretinogram a rudimentary photopic response could be 
demonstrated (Fig. 7B, C, D, opposite). 
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Fic. 7.—Electroretinogram in an advanced case of choroideremia (Case 2) of Family V. 
Channel 1: ‘‘Conventional”’ amplification (500 microvolts/cm.). 
Channel 2: Stimulus recording. Relative intensity: 5,000. 
Channel 3: Amplified electroretinogram (50 microvolts/cm.). Time constant: 30 m.sec. 
Channel 4: Resonance pen of selective amplifier. 


(A) Single flash electroretinogram. Absent response in right eye. Electronegative response 
(so-called isolated negativity) in left eye. 

(B) Flicker electroretinogram of left eye at 22 flashes per sec. Using conventional technique 
(Channel 1), responses seem to be absent, but amplified flicker electroretinogram (Channel 
3) shows clear responses. Resonance pen demonstrates response even more clearly 
(Channel 4). 

(C) Flicker electroretinogram of left eye at 33 flashes per sec. Photopic responses demon- 
strable only with selective amplifier (Channel 4). 

(D) Flicker electroretinogram of left eye at 60 flashes per sec. Fusion is almost reached, 
judged by decreased response of selective amplifier. 


In Cases 1 and 6 the photopic response was relatively intact, both to the 
single flash (Fig. 8) and the flicker electroretinogram (Figs 9 and 10, overleaf). 
Scotopic activity was absent in the two young patients, although the disease was 


still in its early stages. 
Fic. 8.—Comparison between single flash 
electroretinogram in Case 1 showing the disease 
in an early stage, and in a female carrier (Case 
3), both of Family V. 


(A) Stimulus blue (Gevaert filter B 488). 
Dark adaptation. 


(B) Stimulus red (Gevaert R 628). Contin- 
uous background illumination 20 lux. 


(C) Stimulus white (Xenon). Relative inten- 
sity: 5,000. Dark adaptation. 


Scotopic Responses: Absent in choroideremic 
patient (1A); maximum b-potential 180 and 
290 microvolts for right and left eye respec- 
tively in carrier (2A). 
Photopic Responses: Reduced in patient, 
—-t— Stimulus after red light stimuli of 45 and 50 micro- 
volts (1B); normal a/x potentials of 90 and 
100 microvolts for right and left eye 
respectively in carrier (2B). 


After white light stimuli only photopic activity can be demonstrated (a/x potentials 55 
and 80 microvolts), in patient (1C), whereas carrier shows photo-scotopic responses of 180 
and 290 microvolts in right and left eye respectively (2C). 
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Fic. 9.—Flicker electroretinogram at 47 flashes per sec. in Case 1. Amplification and time con- 
stant as in Fig. 7. Relative intensities: 50 and 15 (Channel 2: A and B). Fusion reached for 
both eyes between 50 and 15, thus demonstrating a relatively intact photopic retinal system in 
both eyes, at least at the arbitrary frequency of 47 flashes per sec. 
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Fic. 10.— CFF. based flicker electroreti in th ] i ic pati 
(Cases 1, 2, and 6) and four female carriers (Cases 3,4,3,)- sceeinenne Ipc 
Shaded band shows normal limits of CFF-curves. Only rudimentary photopic activity 
remains in left eye of Case 2, whereas in the youngest patient (Case 6) scotopic activity is 
absent and photopic activity markedly reduced in both eyes. In Case 1 scotopic activity is 


still fairly intact, showing only a reduced maximum CFF in the right eye with high intensity 
stimuli. In the carriers the photopic activity is normal. 
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Carriers.—No abnormality in the electrical response has been reported by 
previous authors, but our findings point to a possible slight dysfunction of the 
scotopic retinal system (Figs 8 and 10). Maximum b-potentials* m the four 
carriers for the right and left eye respectively were: 


180 and 225 microvolts, Case 3 
180 and 290 microvolts, Case 5 
210 and 145 microvolts, Case 7 


The photopic responses were normal judged by the course of the CFF-curves 
(Fig. 10). 
Discussion 
Our knowledge of choroideremia has been considerably advanced by the 
‘researches of McCulloch and McCulloch (1948), who investigated in 1948 a 
clan of 600 members, among whom they found 33 affected males and 53 


female carriers. This investigation revealed the following facts: 


(1) The female carriers themselves show no symptoms, i.e. no visual field 
defects and no night blindness. 

(2) Among the men the affection is not stationary but progressive. 

(3) The onset probably occurs very early in life. Parents of affected children 
had noticed a defect in the vision of a baby which was probably due to the 
existing night blindness. The earliest case examined was that of a boy aged 
22 months, who already showed definite fundus alterations (brilliant green 
areas associated with groups of pigment granules), but a detailed examina- 
tion was impossible (‘‘Only a fleeting glimpse was obtained of either fun- 
dus”). The youngest patient with symptoms was a boy aged 3, but the 
earliest cases which were fully examined were boys of about 6 years of 
age (McCulloch and McCulloch, 1948; Sorsby and others, 1952). The 
youngest carrier examined was a girl of 44 months, in whom McCulloch 
found peripheral pigmentary alterations, associated, in his opinion, with the 
carrier state. 

(4) The mode of inheritance, as earlier deduced by Goedbloed (1942) and 
Waardenburg (1942), is intermediately X-chromosomal. This implies that 
only males will show the complete picture of choroideremia and that the 
sons of affected males will not show it at all, whereas all the daughters of 
affected males will be carriers and will show a modified form of the disease. 
Of the children of these carriers, 50 per cent. of the sons will be normal 
and 50 per cent. will show the disease, while 50 per cent. of the daughters 
will be normal and 50 per cent. will be carriers. A man who is not himself 
affected, or a girl who is not a carrier, cannot transmit the disease. 


Since there are similarities in the fundi of patients in the early stages of the 
affection and those of carriers, and since the carriers differ from the patients 





The normal values for females between the ages of 19 and 50 years vary, according to Karpe (Personal Communica- 
tion) from 250 to 530 microvolts. Values lower than 210 microvolts are considered to be probably subnormal, and 


lower than 180 microvolts to be definitely subnormal. 
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in that besides the defective gene they have a normal gene, we thought it 
important to consider the following questions: 


(1) Where is the pigment defect of the carriers localized ? 

(2) In what respects does the normal gene produce a different clinical picture 
in the carriers from that seen in the patients ? 

(3) In what way does the clinical picture seen in patients and carriers differ from 
that seen in cases of the peripheral form of tapeto-retinal degeneration 
(dystrophia retinae pigmentosa)? 


Fundoscopy, using Thorner’s stereo-ophthalmoscope with red and red- 
free light, as well as the slit lamp with a contact glass, revealed the following 
condition in the two affected boys and in the carriers of the two families: 

(1) The irregular pigmentation spread over the area of the fovea centralis, 

though less intensely in the carriers than in the affected boys. In the 
periphery the alterations were coarser than at the posterior pole, where 
they showed a fine pigment mottling. In Case 3 (mother of Case 1) the 
macular yellow had decreased. 
The pigment alterations were localized at the level of the tapetum.* All 
the layers of the retina were free of pigment migration in both patients and 
carriers. In the latter the retina was of normal thickness. The ophthalmo- 
scopic picture was entirely different from that of tapeto-retinal degeneration 
(dystrophia retinae pigmentosa). Large angular lumps of pigment were 
present, some of the cells appearing to have too much pigment and others 
too little; it is possible that the pigment epithelium consisted in some places 
of more than one layer of cells. 

(3) We were unable to identify a definite sclerosis of the choroidal vessels. In 
the affected boys the border zones between the fully-developed areas of 
atrophy in the choroid and those in which atrophy was incomplete showed 
vessels with a narrow blood column, while other vessels seemed to have 
disappeared completely. This does not agree with the histological findings 
of McCulloch and McCulloch in the four eyes of two older affected males. 
Their description harbours an inherent discrepancy when they write that 
the choroidal vessels were either sclerosed or absent. In our opinion it is 
inconceivable that true vessel sclerosis or hardening of the vessel wall should 
form a stage in the process of disappearance of the vessel. We prefer to 
assume that the muscle tissue of the vessel wall is temporarily replaced by 
connective tissue, which subsequently disappears. The degree to which 
the vessel walls are affected parallels the degree of change in the tapetum, 
and there appears to be a close connexion between the two. 

In the carriers, the choroidal vessels may show only minor alterations. 
in some places, we saw a blood vessel that ended blindly and sharply. A 
few vessels may be absent, and in some we could see no blood column. 
Compared, however, to the distinct alterations in the tapetum, these slight 
irregularities in the choroid are insignificant. 





* By the word “tapetum” we mean “tapetum nigrum”’, a term used to connote the pigmented layer of the retina, 
first introduced by Leber (1916) in the term “tapeto-retinal degeneration” to embrace related progressive affections of 
the pigmented and other layers of the retina. 
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Conclusions 


From the fundus picture described above, the following conclusions 
regarding the aetiology of choroideremia may be drawn. The minor 
alterations in a few choroidal vessels in the carriers, compared with the 
striking disturbances in the pigment epithelium, prevent us from attributing 
a primary aetiological role to the choroid. The presence of the normal gene 
inhibits the progression of the pigmentary irregularities in the’ tapetum 
caused by the abnormal gene. These irregularities may, however, be 
responsible for the slight functional defects demonstrated in the carriers. 
It is not impossible that in some places rods or cones may disappear; in the 
circumpapillary area both the tapetum and the neuro-epithelium may poss- 
ibly disappear in the end. From the available material (McCulloch and 
McCulloch, 1948; Sorsby and others, 1952), it appears that continuous 
progression in carriers is highly improbable: in the same family, fundus 
alterations were found in the young girls that appeared more serious than 
some of those found in the older women, and even when they were older 
these female carriers had no spontaneous complaints. There are un- 
doubtedly differences among the carriers, partly attributable to their general 
constitution. However, we feel justified in assuming that, generally speak- 
ing, the normal gene checks the progression of the disease process. The 
comparatively intact condition of the tapetum explains the normal condi- 
tion of the choroid in the carriers. An incidental slight progression can 
be detected only by re-examination at regular intervals. 


Affected males, however, in whom the normal allele is missing, start with 
a fundus picture closely resembling that of the carriers, but this gradually 
changes, as the affection of the tapetum is always progressive and is associ- 
ated with progressive dystrophy of the choroid, which will obviously con- 
tribute to a progressive dystrophy of the outer retinal layers. 

We would not venture to claim that the progressive dystrophy of the chorio- 
capillaris is the result of the abnormality of the tapetum, but we can exclude 
the possibility that it is the cause of this abnormality. At the most there 
may be a correlation, or even an interrelation, between the alterations in 
the tapetum and those in the choroid. Genetically speaking, there is a 
polyphaenic action of the gene on the two neighbouring tissues. 

In any case the name “‘choroideremia”’, which is comparable to irideremia, 
and means absence of the choroid, is entirely incorrect. The preceding dis- 
cussion has shown that the choroid is not absent at birth. The abiotrophic 
process begins shortly after birth and progresses gradually. To distinguish 
this condition from Leber’s central and peripheral tapeto-retinal dystrophies, 
we should have to call choroideremia “‘tapeto-choroidal dystrophy”, 
naturally based upon a primary dysplasia of the tapetum. 

It is extraordinary that, while so much of the retina disintegrates secon- 


darily, so little optic atrophy and narrowing of the retinal vessels is discern- 
47 
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ible as the disease approaches its final stages. In this respect also the fundus 
picture differs significantly from that of dystrophia retinae pigmentosa and 
allied genetic diseases. 

For this reason we reject the hypothesis of a primary total or partial 
aplasia of the chorio-capillary layers propounded by Mann (1957), as well 
as the two mechanical processes regarded by this author as responsible for 
the degeneration: 

“(1) That not all or even most of the short posterior and anterior ciliary arteries 

have budded from the ophthalmic artery at the 16-mm. stage, 

(2) That the outer layer of the optic cup may fail to produce pigment (at the 
10-mm. stage) and so the stimulus for the capillary growth may fail, even 
though the arteries do bud out.” 


Summary 


Three patients and six carriers in two families suffering from choroideremia 
are discussed. The youngest patients were 7 and 8 years old respectively 
when examined for the first time. The visual fields, rate of dark adaptation, 
colour vision, and electroretinogram were studied extensively. Marked 
alterations, more specifically in the scotopic functions, were found in the 
two boys, whereas only very slight alterations, or none, could be demon- 
strated in the carriers. Detailed studies of the fundi of the youngest patients 
and comparison with the fundi of the carriers led to the conclusion that the 
primary affection may be considered as an abiotrophic process of the 
“tapetum nigrum” with a secondary progressive dystrophy of the chorio- 
capillary layer and outer retinal layers. 

These findings suggest that the hypothesis of a dysplasia of the choroid 
as a primary cause of the fundus alterations must be rejected. 
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EFFECTS OF SOME METABOLIC INHIBITORS UPON THE 
FORMATION OF THE AQUEOUS HUMOUR IN RABBITS* 


BY 
D. F. COLE 
Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology, London 


PREVIOUS investigations of the intra-ocular pressure (I.0.P.) and of sodium 
flux from plasma to aqueous humour suggested that the mechanism res- 
ponsible for secretion of the aqueous humour was, at least in part, subject to 
inhibition by 2:4-dinitrophenol (Cole, 1959; 1960). The most direct way of 
verifying this suggestion was to measure the rates of entry of water and 
solutes into the aqueous compartment whilst the drainage channels from the 
angle of the anterior chamber were obstructed by means of paraffin (Lang- 
ham, 1959; Cole, 1960). In order to estimate the entrance rates of solutes, 
not only was it necessary to know the rate of flow of the aqueous humour, 
but also to remove samples of the aqueous, from time to time, for chemical 
analysis. Although the procedures required offered a number of technical 
difficulties, it has been possible to study the rates at which water, sodium, 
potassium, and chloride entered the aqueous humour from the plasma over 
periods of about 2 hours’ duration and to determine the effect on these entry 
rates of two metabolic inhibitors, 2:4-dinitrophenol and fluoracetamide. 


Methods 


The essential feature of the aqueous humour collecting system used in these experiments 
is shown in Fig. 1. It consisted of a glass capillary (D), graduated 0-0-1 ml., one end of 
which (E) was attached by ‘‘Portex” tubing to a system containing air at a pressure of 
25 mm. Hg, whilst the other end was fastened to a No. 15-gauge needle (A) inserted 
through the cornea into the anterior chamber of the eye. The needle was fastened to the 
capillary by means of a tapered “‘Perspex”’ rod (B); fluid which had collected in the 
capillary (D) could be removed through a side-tube (C). The side-tube was kept closed 
except when the contents of the capillary were being removed (a procedure which lasted 
some 30 seconds) and the pressure of air in the collecting system was sufficient to empty 
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. 1.—Device for collecting and measuring rate of formation of aqueous humour (not to scale). 
Hypodermic needle (No. 15 gauge) for insertion through cornea into anterior chamber. 
Perspex connecting segment. 
Side-tube for removing fluid collected in measuring capillary. 
Glass measuring capillary, 0-0'1 ml. graduated in ul. 
Perspex connector. 
Tubing to air reservoir maintained at a pressure of 25 mm. 
rspex to metal and Perspex to glass joints cemented with Avaldie-D (Ciba). 
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* Received for publication March 19, 1960. 
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the capillary as soon as the side-tube was opened. By this means it was possible to remove 
samples of the coliected fluid without any apparent ill-effects on the experimental eye and 
with minimal changes in the intra-ocular pressure. 

The constant pressure of 25 mm. Hg was maintained by a system similar to that des- 
cribed in a previous paper (Cole, 1960; Fig. 3) with a detailed account of the method 
used for obstructing the drainage channels at the angle of the anterior chamber. 

In order to estimate the influx rates of the solutes it was necessary to determine the 
volume of fluid in the anterior chamber at the end of each experiment. This was done 
by withdrawing the contents of the chamber into a 1-ml. tuberculin syringe containing 
a weighed quantity (about 0-2 ml.) of a solution of Pontamine Sky-Blue (B.D.H.) (74-4 mg. 
in 100 ml. phosphate-buffered saline at pH 7:4). The mixture in the syringe was then re- 
injected into and withdrawn from the anterior chamber two or three times to ensure 
satisfactory mixing and the dilution of the dye was determined from the optical density 
of the mixture measured at 6,200 A. The volume of aqueous was then calculated from 
the degree of dilution of the dye. 


Chemical Methods.—The total volume of aqueous which had accumulated in the 
graduated capillary during the preceding collection period was noted and the fluid 
expelled into a stoppered, polythene specimen tube. Sodium and potassium concentra- 
tions were estimated with a ‘‘ Unicam” Flame Spectrophotometer (SP 900), in the ranges 
0-1-0-3 wEq/ml. and 0:02-0:05 wEq/ml. respectively. Chloride concentrations were esti- 
mated by a modification of the method of Bergmann and Sanik (1957): 10 yl. of fluid for 
analysis was added to 3 ml. de-ionized water in a stoppered tube. To this diluted fluid 
was added 1 ml. of a saturated aqueous solution of mercuric thiocyanate (Hg (SCN),) and, 
after shaking the mixture, 0-5 ml. of 0-25 M ferric ammonium sulphate (Fe,(SO,4)3(NH4)> 
SO,) in 9 N nitric acid. The red colour due to ferric thiocyanate was proportional to the 
amount of chloride in the specimen and the optical density of the solution was measured 
at 4,780 A using 1-cm. cell thickness. Calibration curves for each series of estimations 
were obtained by carrying out the above procedure using standard solutions of sodium 
chloride containing 60, 80, 100, and 130 wEq. Cl/ml. respectively. Plasma concentrations 
were determined from blood samples obtained from the central artery of the ear half-way 
through each experiment. Plasma protein was estimated by the method of Phillips, van 
Slyke, Dole, Emerson, Hamilton, and Archibald (1945), and the value obtained was used 
to express electrolyte concentrations in terms of ml. plasma water (Sunderman and 
Boerner, 1949). 


Experimental Material.—Adult rabbits (weighing between 2 and 3 kg.) of the New 
Zealand White strain were used in these experiments. They were fed on Diet 18 (“Blue 
Cross’”’ Animal Foodstuffs, Associated London Flour Millers, Ltd.) and allowed free 
access to water. All experimental results refer to animals anaesthetized with urethane 
given intravenously as a 25 per cent. (w/v) solution in physiological saline, 1-75-2 g/kg. 
body weight. 

A few drops of 1 per cent. amethocaine (B.P.) were instilled into the eye before inserting 
the needle. Each animal was killed at the end of the experiment. 

In all the animals a polythene cannula was implanted in the lingual artery on one side 
(Cole, 1959); animals in the control series received an infusion of buffered, isotonic saline 
through this cannula at a rate of 0-05-0-10 ml./min. 


2:4-dinitrophenol (DNP).—This was infused at a rate estimated to yield a concentration 
of 0:2-0-3 mM/l. in the blood reaching the eye, the carotid blood-flow being taken as 
3 ml./min. (Winterstein, 1935). In the present experiments a 20-mM solution of DNP 
in buffered isotonic saline (pH 7:4) was infused at 0-0009-0-0012 mM/min. 


Fluoracetamide (FA).—This was dissolved in buffered, isotonic saline (pH 7-4) to give 
a concentration of 20 mM and was infused at a rate of 0-001-0-0015 mM/min. By means 
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of this lingual artery cannula, it was possible to obtain a relatively high concentration of 
inhibitor in the blood supply to the experimental eye without the need for giving large 
doses systemically. 


Results 


The experimental findings fall into three groups according to the nature of the 
infusion given via the lingual artery: animals which had received isotonic saline 
(controls), animals given DNP, and animals given FA. In all cases the collection 
of aqueous lasted for 2 hours. The first hour was used as a control period and the 
intra-arterial infusion was not commenced until the beginning of the second hour. 

Once the chemical composition and volume of aqueous humour leaving the eye 
was known for each successive collection period in an experiment, the efflux rates 
at successive 10-minute intervals could be calculated. From these values, a mean 
for the first hour of the experiment (control period) was calculated, and the results 
for each entire experiment were then expressed as differences from the mean 
during the control period. In each of the three groups of animals the mean of 
these differences was tabulated (together with its standard error) for successive 
10-minute intervals from 50 minutes before until 60 minutes after starting the intra- 
arterial infusion (Table I). 


TABLE I 


CHANGES IN INFLUX RATES OF SODIUM, CHLORIDE, POTASSIUM, AND WATER IN 


CONTROL EXPERIMENTS AND IN ANIMALS GIVEN DNP OR FA 


The figures show the difference between the control period mean and the influx rates at each time 


interval. In each case the mean difference and its standard error are shown. 





















































Before Infusion After Infusion Mean 
Time (min.) during 
-50 | -40| -20] -10| 0 +10; | 4a eee] +e. ee 
Changes in Control +0-004; — 0-018) +0-097; +0-117) +0-155| +0-147 | +0-034 | —0-203 | —0-143 1-150 
ium Series +0-11 | 40-10 | +008 | +O0-11 | +0-11 | +0-12 +0-10 +0-13 +0-09 
Influx Rate 
(uEq/min.) | Animals given | + 0-030} + 0-048} —0-103} + 0-031) +0-031) —0-479t) —0:590t| —0-606f) -—0-743t| 1-023 
DNP +0-08 | +0-10 | +0-17 | +007 | +007 | +0-10 +0-07 +0-08 +0-09 
| Animals given | — 0-113) —0-009| + 0-046} + 0-038) —0-006} -—0-558t| —0-676t| —0-562t| —0-664t) 0-970 
FA +018 | +0-23 | +0-14 | +0-13 | 40-19 | +0-15 +0-15 +014 +0-09 
Changes in Control —0-07 | —0-01 | +0:04 | +0-09 | +0:13 | +0-13 +0-03 —0-14 —0-10 0-87 
Chloride Series +0-05 | +0-06 | +0-04 | +005 | +0-08 | +0-09 +0-08 +0-07 +0-06 
Influx Rate 
(uEq/min.) | Animals given | + 0-03 | +0-01 | —0-03 0 0 — 0:43 — 0-56 —O-51¢t | —0-65t 1-00 
DNP +0-11 | +0-06 | +0-71 | +0-72 | +0-91 | +0-29 +0°86 +0-15 +0-15 
Animals given | —0-04 | —0-01 | +0-03 | +0-04 | —0-:03 | —0-27 — 0-30 —0-31* | —0-33t 0-88 
FA +0-05 | +0-06 | + 0-10 | +0-12 | +0-07 | +0-20 +021 +0-10 +0-07 
Changes in Control +0:16 | —0-41 | +5-38 | —3-89 | -2:20 | +2-84 +2:26 —2:19 —1-51 | 30-65 
Potassium Series +5-16 | +5-71 | +689 | +5:18 | +239 | +7:24 +5-58 +5-21 +129 
Influx Rate 
(uuEq/min.) | Animals given | +0-31 | —0-20 | — 1-60 | —1-61 | +2-20 19- St —23-1f | —18-5* | —23-2t | 32-70 
DNP +0-38 | +0-27/+2:0 | +18 | +12 edt +35 +5-1 +40 
Animals given | — 3-93 | — 1:21 | +414 | —1-:94 | —0-03 | —12-81f | —15-08t | — 14-687 | —15-60f | 24-15 
FA +22 [41:2 | £3°7 | 41-7 | +11 +3-2 +3+3 +3-1 +3-6 
Changes in Control +094 | +0:32 | +0°71 | —0-92 | +0-:32 | +030 +0-45 —0-37 +0-43 5-49 
' kag Series +0-42 | 0-25 | +050 | +059 | +045 | +0-51 +0-28 +0-37 +0-40 
nflux Rate 
(ul./min.) | Animals given | +0-40 | +0-47 | —0-95 | —0-73 | +0-72 | —3-24 — 3-34 —2:99 —4:36 6°51 
DNP +0-27 | +0-25 | + 0-64 | +0-47 | +0-28 | +0-44 +032 +0-32 +0°54 
Animals given | — 0-74 | —0-14 | —0-38 | +0-10 | +0-04 | —3-10* | —3-83f | —3-94¢ | —3-86t | 615 
FA +0°54 | +0-32 | +0-41 | +012 | +024 | +0°58 +0-40 +0-31 +0-52 






































0 gt oe significantly from zero are indicated by asterisks and daggers: the range 0-05>P>0-01 is shown by *, and 
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Mean values for the efflux rates for all animals during the entire control period 
are shown in Table ITA. 
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TABLE IIA 


MEAN EFFLUX RATES OF SODIUM, CHLORIDE, POTASSIUM, AND WATER FOR 


ALL ANIMALS DURING CONTROL PERIOD 








Efflux Rate 


Mean Standard Error of the Mean 











Sodium (uEq/min.) 1-041 


+0-07 











Chloride (wEq/min.) 








0-777 +0-04 








Potassium (upEq/min.) 


+29 





29-17 











Water (ul./min.) 6:05 


+0-7 
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The symbols used in describing and discussing these results are based upon those 
suggested by Duke-Elder and Maurice (1957): 


represents the net amount of solute moved from aqueous humour to effluent in 
pEq. 

represents the net amount of water moved from aqueous humour to effluent in ml. 

as subscripts represent times from the start of the experiment in minutes. 

as subscripts designate the n‘4 (or the (n — 1)*4) time-interval of 10 minutes. 

represents the concentration in the effluent fluid of some previously specified 
solute in wEq. or pwEq/ml. 

represents the rate of flow of effluent in ml./min. 

represents the Einstein-Stokes radius of a solute molecule in A. 

represents the concentration of a specified solute in the aqueous humour of the 
anterior chamber in »Eq/ml. 

represents the volume of fluid in the anterior chamber in ml. 

represents the amount of a solute moved from the posterior to the anterior chamber 
in pEq. 

represents the amount of a solute moved from the plasma to the posterior chamber 
in pEq. 

represents the volume of water moved from the plasma to the chamber in ml. 

represents the mean equivalent plasma concentration (all solute species being 
taken into account), in w#Eq/ml. 

represents the transfer coefficient, with respect to the anterior chamber, of a sub- 
stance moving from the posterior to the anterior chamber (in min-!). 


The drainage channels at the angle of the anterior chamber being obstructed 
and fluid from the eye being collected against a steady pressure, the rate of efflux 
of water, as measured in the collecting system, could be regarded as equal to its 
rate of influx into the eye. 

The total volume of the anterior chamber (which was known) was regarded as 
constant during the course of the experiment, and it thus became possible to calcu- 
late the quantity of the ion present in the anterior chamber at the end of each time 
interval: and consequently the net gain or loss during the previous 10 minutes: 


[Net Loss|(+,_1, PS ae Vlad 4, - [cal, } Equation 1 


But the net gain (or loss) was equal to the difference between the total influx and 
efflux of the ion, i.e.: 


t=, 
| (4-7) -{leel, x 10.[Fe], \, . Equation 2 


t = bin-1) 
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and hence the total influx, 
t=t, 


J (ame) 


t = tn-1) 
could be estimated for each time interval. The influx rate in wEq. (or pywEq.) per 
minute was obtained by dividing the figure so obtained by the duration of the time 
interval. 
The concentration of sodium potassium or chloride in the aqueous humour at 
the end of each 10-minute time interval was estimated by calculating values of: 


[Cale = Fa t, + [5%] t, Equation 3 


which were plotted against time for each of the three electrolytes in each experiment. 


The most evident feature of these results was a sharp fall of influx rate of 
all the constituents studied which occurred very shortly after infusion with 
DNP or FA had been started. The low rates of influx persisted for at least 
60 min., until the end of the experiment (Tables I and IIB; Figs 2 and 3, over- 
leaf). In contrast, no statistically significant changes were observed when 
the infusion consisted only of phosphate buffered saline, as in the control 
series (Fig. 4, overleaf). These findings reveal that the onset of action of 
both inhibitors is rapid, significant decreases of aqueous flow often being 
observable 5 min. after starting the intra-arterial infusion of DNP or FA, 
and there seems little reason to doubt that the effect commences as soon as 
the inhibitor reaches the ciliary epithelium. In support of this it may be 
recalled that intracarotid administration of DNP causes a rapid ipsilateral 
fall in I.0.P. (Cole, 1959). 


TABLE IIB 


MEAN INFLUX RATES OF SODIUM, CHLORIDE, POTASSIUM, AND WATER 1 HOUR 
AFTER STARTING INTRA-CAROTID INFUSION 


In each case the mean and its standard error are shown 





Group 


Saline 
(Control Series) 


Animals given DNP 


Animals given FA 





Sodium 
(uEq/min.) 


1-007 
+0-°10 


0-280** 
+0-08 


0-306** 
+0-09 





Chloride 
(uEq/min.) 


0-770 
+0-07 


0-300* 
+0-15 


0-350* 
+0-10 





Potassium 
(upEq/min.) 


29-14 
ivy 


9-50** 
+3-0 


8-55** 
+28 





Water 
(ul./min.) 





6-20 
+0°7 





2-15** 
+06 





2:29** 
+05 





Values differing eaconty fe from those of the control group are indicated by asterisks; thus the range 0:05 >P>0-01 


is shown by *, and 0-01> b 
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Fic. 2.—Rates of entry of water, sodium, potassium, and chloride into the 
aqueous humour of animals given fluoracetamide (FA) at t=0. The gap in 
the continuous line for each substance indicates the start of the FA infusion. 


The production of the aqueous humour may be regarded as comprising 
three processes: diffusion, either direct or indirect, from the plasma; ultra- 
filtration across the blood—aqueous barrier from the blood in the ciliary body; 
and active transport of at least one constituent across the blood—aqueous 
barrier dependent upon the metabolic activity of certain regions of the ciliary 
epithelium. Any change of the influx rates should be explicable in terms of 
one or more of these processes. 
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Fic. 3.—Rates of entry of water, sodium, potassium, and 
chloride into the aqueous humour of animals given 2:4 
dinitrophenol (DNP) at t=0. The gap in the continuous line 
for each substance indicates the start of the DNP infusion. 


state, the rate of entrance of a solute by diffusion, 
plasma or indirectly through the vitreous or 


cornea, is very largely offset by diffusion from the aqueous into the plasma. 
The net influx by passive diffusion is approximately proportional to the con- 
centration difference between aqueous and plasma and, in the case of sodium 
and potassium, this concentration difference did not change significantly 
during the course of the experiments. Similar considerations apply to the 
net diffusion of sodium and potassium into the aqueous from the vitreous 


and cornea. 





D. F. COLE 
TIME [min.] 
10 20 40 60 80 100 [20 


a ite 





WATER FLOW 
[ yal /min.] 


SODIUM ENTRY 
[ HEq/min.] 


> 
o& 
= 
a 
We 

Zé 
=o 
nw 

<2 
Bes 
a 


Fic. 4.—Rates of entry of water, sodium, potassium, and 
02 - chloride into the aqueous humour of animals given 


oO infusions of buffered (pH 7:4) isotonic saline. 


Chloride ion behaved similarly to sodium, except that the reduction of 
influx after DNP and FA was not quite so pronounced and occurred more 
slowly (Table I). Since, however, the rate of turnover of the constituents in 
the anterior chamber had decreased in the treated animals, it is possible that 
the exchange of aqueous bicarbonate for plasma chloride was more extensive 
than in the untreated control animals. 

Studies of isolated lenses have shown that loss of K‘ion is accompanied by 
uptake of Na‘ion from the suspending fluid (Harris and Gehrsitz, 1951), and 
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a process of this nature in the present experiments would have increased the 
Na’ loss from the fluid in the anterior chamber. 

There was no indication that either DNP or FA caused any significant 
loss of potassium from the lens, as this would have raised the potassium con- 
centration of the effluent. Furthermore, the total efflux of potassium is so 
small compared with the total Na efflux that the quantity of sodium involved 
in Stina for lenticular potassium would not have materially altered the 
findings. 

Adverting now to the contributions of active secretion and of ultra- 
filtration to the sodium influx, it would appear that some 75 per cent. of the 
transport of sodium is subject to inhibition by DNP or FA. If these inhi- 
bitors completely arrest active secretion of sodium there remains a net influx 
of 0-200-0-300 «Eq/min., representing the contribution resulting from ultra- 
filtration. This compares favourably with a rate of 0-304 »Eq/min. observed 
in transfusion experiments with animals treated with DNP (Cole, 1960), and 
accords with the view that the influx of Na‘ion in the presence of either 
inhibitor is due mainly to ultrafiltration. 

An hypothesis which accounts for the present observations may be expressed 


more fully in the following terms. Suppose an electrolyte, common to 
plasma and aqueous humour, to be actively transported across the blood— 


aqueous barrier by a carrier system situated in the barrier which resembles the 
Na'-carrier system described by Ussing (Ussing and Zerahn, 1951; Koefoed- 
Johnsen and Ussing, 1958; Ussing, 1960); in the case of active sodium trans- 
port, electrical equilibrium could be maintained by inward diffusion of an 
anion, chiefly Cl-ion, from the plasma but also by the formation of bi- 
carbonate ion in the barrier, which would migrate preferentially into the 
aqueous humour on account of the electrochemical gradient. This view 
would go some way to explaining the excess of HCO}; in the aqueous of 
certain species, since the entry of HCO} would be inversely related to the 
permeability of the blood—aqueous barrier to Cl-. 

Since the barrier is readily permeable to water (Kinsey, Grant, and Cogan, 
1942; Friedman, Newell, LeRoy, and Okita, 1957), entry of solutes and water 
approximates to isosmotic transfer so that: 


L (m,) 
= Cy ‘ . Equation 4 


d 
at : (Up) 


In addition to the “active formation”, a net influx of water and solutes 
may also be brought about by ultrafiltration, maintained by the hydrostatic 
pressure difference between the blood in the ciliary vessels and the I.0.P. 
The theory, developed by Pappenheimer, Renkin, and Borrero (1951): 
Chinard (1952); and Pappenheimer (1953), suggests that, at the rates of flow 
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encountered in the present experiments, there would not be any marked 
molecular sieving of the smaller solute molecules (Rgs < 10A), and that hence 
the electrolyte composition of plasma and filtrand would be very similar. 
The chief difference would be the relative absence of protein molecules 
(Regs > 30A) in the filtrand. A rough estimate of the filtration constant of the 
blood-aqueous barrier may be calculated from the present experimental 
results. The influx rate of water in eyes treated with DNP was between 
2-0 and 2:5 wl./min. (Table IIB). Taking the hydrostatic pressure difference 
between the capillaries of the ciliary body and the I.0.P. as being not greater 
than 10cm. H,O (cf. Davson, 1956, p. 340; Tada, 1953), and the area through 
which ultrafiltration occurs as lying between 2 cm.” and 6 cm.? (cf. Baurmann, 
1930), the filtration constant for the blood—aqueous barrier would be of the 
order of 80-100 x 10-8 ml./sec./em. H,O/cm.?. This is of the same order of 
magnitude as the values calculated for capillary membranes in other regions 
of the body by Pappenheimer (1953). Both “active transport” and ultra- 
filtration can contribute to flow from the posterior to the anterior chamber 
and both are included in the transfer coefficient kg.p,. 


The entrance rates of sodium and potassium in control eyes (Table IIB), 
as measured in the present experiments, are considerably greater than those 
observed in transfusion experiments, a greater proportion of the influx being 
subject to inhibition by FA or DNP. This may be due in part to the greater 
size of the eyes (V,=0-300+0-02 ml.), which would cause the difference of 
the transfer coefficients (k,.;,,) to be much less noticeable (K,.;,¢=0°018 min.~! 
in the transfusion experiments and 0-023 min.~! in the present series). Since 
this difference of influx rate was only found in the control groups, it is 
reasonable to suppose that active transport was occurring more rapidly than 
in the transfusion experiments where it seems possible that the rapid rate of 
transfusion has cooled the tissue and reduced the rate of secretion. 


The experiments referred to above, in which the entrance rates of ions 
were estimated by transfusing the anterior chamber with isotonic mannitol, 
had demonstrated a reduction of sodium influx after treatment with DNP 
but yielded no information concerning the influx of water. Elsewhere (Cole, 
1959) it was suggested that DNP acted primarily on the rate of transport, 
rather than on the concentration of the solutes secreted across the blood- 
aqueous barrier, and from the findings in the present experiments (Table III, 
opposite) it is evident that neither DNP nor FA alters significantly the con- 
centration of sodium or chloride in the aqueous humour. From this it 
follows that, so far as these two solute species are concerned, net transfer 
from plasma to aqueous is approximately isotonic (cf. Equation 4). Under 
these circumstances the diminution of the rate of flow of the aqueous after 
administration of DNP or of FA may be accounted for in terms of inhibition 
of active transport of solutes in conformity with the hypothesis suggested 
above. 
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TABLE III 


CONCENTRATIONS OF SODIUM, CHLORIDE, AND POTASSIUM IN AQUEOUS 
HUMOUR AND PLASMA WATER : sree, vere STARTING INTRA-CAROTID 


In each case the mean and its standard error are shown 
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Summary 


Using rabbits in which the outflow channels from the anterior chamber 
had been obstructed with mineral oil, aqueous humour was continuously 
collected, against a pressure of 25 mm. Hg, through a hypodermic needle 
lying in the anterior chamber. The volume of fluid collected was measured 
and, from time to time, removed for analysis. Concentrations of sodium, 
potassium, and chloride were determined and, knowing these values and the 
volume of effluent fluid, influx rates from plasma to aqueous for water and 
for the three solute species were estimated at different times during the 
course of the experiment. 

The action of two metabolic inhibitors: 2:4-dinitrophenol (DNP) and 
fluoracetamide (FA), upon influx rates was then investigated, making use 
of the method described above. 

The following values were obtained for influx rates in control eyes: 


Water = 6:20+0°7 ul./min. 

Sodium 1-007 +0-10 »wEq./min. 
Chloride = 0-770 +0-07 Eq./min. 
Potassium = 29-:14+1-5 yywEq./min. 


The influx rates decreased promptly when either DNP (c. 0-001 mM/min.) 
or FA (c. 0-0013 mM/min.) was infused into the carotid artery through an 
indwelling cannula. The fall was significant after 10 min., and after an hour 
the influxes had reached about one-third of their original values. 
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These findings are discussed and it is suggested that: 


(a) The solute influx after administration of DNP or FA indicates the 
rate of entrance due to ultrafiltration from plasma to aqueous across. 
the blood—aqueous barrier. 

(b) Normal aqueous formation depends upon active solute transport 
into the eye, which, in turn, causes approximately isotonic transfer 
of water from plasma to aqueous. DNP and FA are known to 
inhibit sodium transport in other tissues and the possibility that 
Na‘ion is the actively transported solute is considered. An hypo- 
thesis relating the entry of sodium into the eye to the influx of chloride 
and bicarbonate is briefly discussed. 


The author wishes to express his thanks to Sir Stewart Duke-Elder for his advice and 
encouragement and for the facilities afforded to make this investigation possible. 
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INCIDENCE OF GLAUCOMA IN VARIOUS ETHNIC 
GROUPS IN THE POPULATION OF ISRAEL* 


BY 


J. LANDAU anp H. S. HALEVI 
Hadassah University Hospital, and Ministry of Health, Jerusalem, Israel 


THE Jewish population of Israel is notable for its heterogeneous composition. 
Being an outcome of a mass immigration of Jews from all parts of the world, 
mainly since the establishment of the State on May 15, 1948, it represents 
very different anthropological and genetical groups of the Jewish people. 
In this study the Jewish population of Israel is divided into two groups 
{European and oriental), the second including all those originating in the 
Middle East and North Africa, like Yemenites, Iraquis, Moroccans, Persians, 
etc. 


Material 


Our material consists of all patients hospitalized for glaucoma and discharged 
during the years 1956 and 1957 from four ophthalmological departments in the 
Hadassah University Hospital in Jerusalem, Rambam Government Hospital in 
Haifa, Government Hospital Tel-Hashomer, and the General Government 
Hospital in Jaffa. They comprise over 90 per cent. of all hospitalized ophthalmo- 
logical cases in the country. Patients hospitalized several times during the period 
of observation were counted only once. 

Four hundred cases of glaucoma were discharged during the 2 years, excluding 
all secondary glaucomas. The distribution of these patients by age, sex, and 
ethnic group is given in Table I. 


TABLE I 
CASES OF GLAUCOMA BY AGE, SEX, AND ETHNIC GROUP 





Age Group Males Females 


(yrs) 








European | Oriental Oriental 


Unknown 


All Ages 
































* Received for publication January 26, 1960. 
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Results 


The cases were related to the respective population groups for the calcula- 
tion of incidence rates. Unfortunately, the Israel-born population is not 
divided in the official statistics by origin or community. We tried therefore 
three hypothetical possibilities: 

(a) The whole native population belongs to the European group; 


(b) The native population belongs to the oriental group; 


(c) The native population is divided between the two groups in the same proportion 
as the foreign-born ; 


A careful analysis showed that the general trend is not influenced by either 
possibility. The third one is the most acceptable. The figures may be 
biased in the lower age groups, owing to the differential birth rates in the 
two groups, but whereas glaucoma affects few persons before the age of 40, 
the above-mentioned supposition seems right. For this reason the rates 
were calculated only for ages above 40 (Table II). 


TABLE Il 


AGE-SPECIFIC MORBIDITY RATES (PER 10,000) FOR GLAUCOMA, 
BY SEX AND ETHNIC GROUP 





Age Group Males Females 


(yrs) 





European | Oriental European Oriental 





40-49 0:53 1-71 1:24 
50-59 2-59 6-21 3-87 
60-69 5-78 7-25 6-15 
70 + 9-90 | 9-38 9-44 


All Ages 2-68 4:79 3-62 

















As expected, the incidence of glaucoma increases with age. Between the 
ages 60 and 70 there are yearly more than six hospitalized cases per 10,000 
of population and the rate is 9-9 for those over 70 years of age. 


Among Europeans, glaucoma occurs more often in women than in men 
in the age groups 40-59, the difference is small in the 60s, and in the 70s 
and after males have a very slight preponderance. Among orientals the 
rates are equal in the forties for both sexes, between 50-69 the. males (unlike 
the Europeans) have higher rates, and after 70 the rate in females is con- 
siderably higher than that in males. No constant trend was found as 
regards sex. 


Differences between the two ethnic groups are pronounced. In almost 
all age-sex groups, the rates for orientals exceed those for Europeans. The 
only exception to this rule was among males aged over 70; in this group the 
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rate for Europeans is very slightly higher. The significance test* of the 
differences did not show any significance in the particular groups. But 
when the total rates for glaucoma among the two groups were calculated, 
it was found that the incidence of hospitalized glaucoma was 6-3 per 10,000 
persons aged over 40 among Europeans and 8-8 among orientals. This 
difference (2-5) is highly significant, being almost three times greater than 
the standard error (+0-87). 


Discussion 


It should be stressed that our material includes only hospitalized cases, 
and does not present, therefore, a comprehensive picture of the prevalence of 
glaucoma in the Jewish population of Israel. Our results thus differ con- 
siderably from those of the screenings for case-finding performed in the 
United States by clinical examinations (Carpenter, Brav, and Seidel, 1950; 
U.S. Dept. of Health, Education, and Welfare, 1959). A considerable 
proportion of the cases discovered in these screenings had been previously 
unknown. It may be accepted that even among the known cases many 
were not hospitalized. This explains the difference between the rates in the 
United States screenings and in our investigation. 

Blondheim and Kallner (1956) found also a significantly higher rate of 
hospitalization for glaucoma among orientals than among Ashkenazi 
(European) Jews for all ages over 50. 

In this connexion reference should be made to the work on the differen- 
tial incidence of cardiovascular diseases in the various ethnic groups in 
Israel. Dreyfuss (1953) pointed out that “‘the analysis of 412 cases of myo- 
cardial infarction showed that the incidence in Ashkenazi Jews was dis- 
proportionately high”. In another survey (Dreyfuss, Toor, Agmon, and 
Zlotnik, 1957), he states that “‘our previous observation of the prevalence 
of myocardial infarctions in Ashkenazi Jews and of their rarity in oriental 
Jews was confirmed”. Also Kallner (1958) found that “‘for arteriosclerotic 
heart disease—there was a distinct preponderance of people of occidental 
over those of oriental origin”. Alkalay (1954) found, in a sample of 635 
healthy persons, that the diastolic blood pressure was higher among Euro- 
pean than among oriental Jews. 


Summary 


Patients hospitalized for glaucoma during 2 years were reviewed. Only 
a few cases were found in those less than 40 years of age. For patients 





* The test was performed by the Standard Error formula: 


> wes ’ acs 
SE. = 2 ed Py. Ps a0 ‘a Pi) 





where p denotes the rates per 10,000 and n- the population in the group. The difference was considered significant if 
it was at least twice the value of S.E., which would arise by chance roughly once in 20 times. 
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over 40 years of age, crude and age- and sex-specific incidence rates were 
calculated and analysed by the two main ethnic groups, and the following 
conclusions were reached: 
(a) There is no pronounced difference in regard to sex in either ethnic 
group, 
(b) Oriental Jews have a higher incidence of glaucoma. This is significant 
for the total rates, although not for the age- and sex-specific rates. 


Thanks are due to the Medical Records’ Officers of the hospitals concerned for their help in 
collecting the material. 
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HYDROXY-PHENYLBUTAZONE (TANDERIL) IN THE 
TREATMENT OF OCULAR DISEASE 
A PRELIMINARY SURVEY 
BY 
L. E. J. WERNER 
Dublin 


HYDROXY-PHENYLBUTAZONE (Tanderil) having proved in many cases an 
efficacious and less toxic substitute for phenylbutazone (Butazolidin) (Hart 
and Burley, 1959; Mason and Cramer, 1959), and having been noted by a 
rheumatologist (O’Reilly, 1958) to have a beneficial effect on iritis associated 
with rheumatic conditions, Messrs. Geigy have made a quantity available to 
me for the treatment of ocular diseases. 

Svane-Knudsen (1959) described fifteen cases of ocular disease treated with 
phenylbutazone with rapid analgesic effect and acceleration of absorption of 
exudates. He remarked, however, on the necessity for caution in its use, 
owing to unpleasant side-effects including leucopenia and gastric ulceration. 

Neither of these complications has been seen in any of my patients treated 
with the hydroxy derivative, even after a number of months, and temporary 
water retention in two cases has been only a minor inconvenience. 

Chemical Composition.—Tanderil is a naturally-occurring metabolite of phenyl- 
butazone. It was isolated in the urine of patients receiving the drug by Burns, 
Rose, Goodwin, Reichenthal, Horning, and Brodie (1955), and later synthesized in 
the laboratories of Messrs. J. R. Geigy in Basel (Pfister and Hafliger, 1957). 

The compound has a hydroxyl group in the para position of benzine ring A of the 
phenylbutazone molecule. The structural formula of Tanderil and that of the 
parent substance phenylbutazone are given below: 


OH 


= 


C= CH; CHy CH> CH; O= C= CH5 CHs CHs CH, 


H H 
Phenylbutazone (Butazolidin) Hydroxy-phenylbutazone (G. 27 202) Tanderil 
Biochemistry.—This has been studied by Burns and others (1955). Tanderil is 
fairly slowly but almost completely metabolized, the “half-life” being about 2 days 
—a little shorter than that of phenylbutazone. 
Pharmacology.—This has been studied by Domenjoz and Wilhelmi (personal 





* Received for publication October 20, 1959, 
755 





756 L. E. J. WERNER 


communication). Toxicity studies have shown that Tanderil can be given to man 
within the usual limits of the pyrazoles. 

It has been demonstrated in animal experiments that Tanderil has a more pro- 
nounced inhibitory effect on acute and chronic inflammation than the same dose of 
phenylbutazone; its antipyretic effect is stronger, and its analgesic effect similar. 
Animal studies have indicated that it also has much lower ulcerogenic effect. 


Material and Method 
In an address delivered on the occasion of the award in 1958 of the Proctor 
Medal of the American Association for Research in Ophthalmology, Reese 
(1958) pointed out the manifold pitfalls into which the mere clinical investiga- 
tor may fall, in putting forward what must of necessity be a summary of 
impressions rather than a controlled research project, but at the same time he 
gave a most heartening list of discoveries based on clinical observations alone. 
One is at all times conscious of the difficulty of estimating the action of any 
new drug in a small number of conditions, in which the rate of improvement 
is SO variable as in the majority of eyeball inflammations. With this point in 
mind, patients who (a) had been treated in previous attacks by other methods, 
or (b) had not responded during their present attack to other forms of treat- 
ment, were chosen for observation. 
In an attempt to classify the results the following grades were defined: 
Worse Reacted less well than to previous treatment 
Not Improved No improvement with either treatment 
Same Recovery rate approximately the same 


Better Progress much better with Tanderil 
Rapid Rapid improvement, greatly in excess of that anticipated 


Results 
(A) CHRONIC [RIDOCYCLITIS 

The largest batch of patients investigated comprised thirteen cases of 
chronic iridocyclitis, probably the most disheartening of all ocular conditions 


to treat. The results were: 
Worse Nil 
. Not Improved 3 


Same 2 
Better 4 


Rapid 4 
All were cases in which no systemic or focal cause had been found for the 
condition. Alli had been treated primarily with topical corticosteroids and 
systemic Achromycin and Sulphatriad, followed by prednisone 5 mg. three 
times a day orally for at least 2months. After this the topical treatment was 
continued, but 100 mg. Tanderil were given orally three times a day in place of 
the corticosteroids. 


Not Improved (3).—These were all cases of old choroiditis accompanying the irido- 
cyclitis. There were dense vitreous opacities and the vitreous showed extensive dis- 


organization on slit-lamp examination. Neither form of treatment had any effect. 
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Same (23).—These had been maintained inactive, or at a low level of activity, with vary- 
ing amounts of oral corticosteroid for 4 to 6 months. A change to Tanderil controlled 
the condition no better and no worse. 


Better (4).—These showed considerable activity. The visual acuity, the amount of 
keratic precipitates, and the vitreous opacities had remained unchanged for 8 weeks. 
After 4 weeks Tanderil therapy, the keratic precipitates were much less, and the visual 


acuity in three eyes improved as follows: 6/24 to 6/9, 3/60 to 6/24, 6/60 to 6/18. 


Rapid (4).—Here the condition was chronic with acute exacerbations, the latter being 
very difficult to control. 


The treatment hitherto employed had included salicylates, protein shock, 
oral prednisone, and local treatment. 
The attacks were associated with severe pain and a rise in ocular tension, 


the latter usually requiring the use of Diamox which was not always success- 
ful. With Tanderil, pain was relieved in 24 hours, tension was of little conse- 


quence, and the whole acute phase was over in 3 days. 
One of these patients had spondylitis, and might therefore be expected to be 


of a type particularly sensitive to phenylbutazone or allied compounds. 


(B) ACUTE IRITIS 


Four cases were treated: one was worse, one was the same, and two rapid. 


Worse (1).—This was the only one in the whole series of cases in which Tanderil was less 
satisfactory than the previous forms of treatment. 


A man aged 52 had recurrent attacks of iritis with exudation into the anterior chamber and 
accompanying non-gonococcal urethritis, probably Reiter’s disease. Previous attacks had 
responded in 1 week to local treatment plus sulphamezathine. There was little improvement after 
10 days on Tanderil and when sulphamezathine was used at the patient’s request the usual rapid 
resolution occurred. 


Same (1).—A woman aged 48 had recurrent attacks of moderate severity. Tanderil 
plus local treatment had the same effect as Sulphatriad or prednisone. 


Rapid (2) 

(i) Acute iridocyclitis occurred in an elderly female diabetic, with gross exudate in the anterior 
chamber (2 mm. deposit) and raised ocular tension. Local treatment was given plus sulphameza- 
thine and there was no change in 5 days. A response to Tanderil occurred in 24 hours. The 
anterior chamber became clear in 48 hrs and the ocular tension became normal. This patient 
exhibited marked water retention, sometimes a minor disadvantage of the drug. Her ankles 
became swollen in 3 days, and after 6 days she was unable to fasten clothes around her waist. 
She informed me at this stage that she had had one kidney removed, and had stones in the other, so 
that in her case water retention was not surprising. Her eye was so well that Tanderil was stopped 
immediately, and within 3 days the water retention had gone without having to introduce diuretics. 


(ii) A woman aged 40 with acute iritis had a history of previous attacks which had always 
responded in 10 to 14 days to mydriatics and local cortisone, but the present attack was unrelieved 
after 3 weeks of such treatment. After Tanderil the pain had gone in 48 hrs; the eye was much 


quieter, and became white in 4 days. 


A small number of cases of acute iritis was treated because assessment of 
the value of treatment is particularly difficult. 
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Dr. O'Reilly, who has treated a number of cases of rheumatism with 
Tanderil, tells me that, in those who had an associated iritis unresponsive to 
other systemic treatment, the change to Tanderil nearly always produced a 
remarkable improvement. 


(C) KERATITIS 


Four cases were treated and all showed rapid improvement. 

(i) Deep keratitis and secondary iritis with visual acuity 4/60. Tanderil three times 
daily brought relief of pain in 48 hours, and lessening of corneal infiltration. After 3 
weeks the visual acuity was 6/24 and in 6 weeks it was 6/9. 

(ii) Deep sclero-keratitis. When first seen this patient had been under treatment with 
local and systemic cortisone and mydriatics for 3 weeks. Tanderil gave relief of severe 
pain in 12 hours, and in 48 hours the injection was less and the infiltration much less. 

(iii) Deep keratitis associated with pulmonary tuberculosis. This had been controlled 
with difficulty by Streptopas injections and local cortisone. Recurrences previously lasted 
2 to 3 months, but a severe flare-up settled down in 2 weeks with Tanderil and there has 
been no relapse for 3 months. 

(iv) Patch of deep keratitis with painful secondary iritis and a history of recurrent 
attacks associated with spondylitis, demonstrated by x-ray findings in the spine. The 


attacks had been controlled in the past by local cortisone and mydriatics, but the latest 
attack had lasted 3 weeks with no sign of clearing. Tanderil gave almost immediate relief 


of pain. The eye was white and the infiltration almost gone in 3 days. 
Ankle swelling occurred for the first 2 days, but disappeared when the dose was reduced 


from 300 to 200 mg. daily. 


(D) EPIscLERITIS 

Two mild cases were treated and responded in 7 and 10 days respectively, 
but no more rapidly than would have been expected with other treatment such 
as topical corticosteroids and salicylates. 


(E) NopULAR SCLERITIS 
Two cases were treated and both cleared rapidly. 


(i) A girl aged 18, with raised nodules in both eyes opposite the rectus muscle insertions, 
had been under treatment with topical corticosteroids and Multivite orally for 4 to 5 
weeks without change. Tanderil brought about rapid flattening of the nodules within 2 
weeks, and an almost total return to normal of the sclera in 5 weeks. During treatment a 
small new spot appeared in one eye but disappeared in a few days. 


(ii) A large raised nodular area almost surrounded the limbus in one eye. There was a 
history of previous similar attacks lasting 2 to 3 months on treatment with local cortico- 
steroids. Treatment with Tanderil and local prednisone made the patient much more 
comfortable, and surprised at the rapidity of progress in 48 hrs. The raised areas were 
noticeably less in 3 days, and almost flat after 2 weeks, but the sclera was still discoloured. 


(F) SARCOID 
Two cases were treated, but it was difficult to assess the result. 


(i) Bilateral iridocyclitis with nodules on the iris in the left eye. A chest x-ray was 
positive, the Mantoux reaction negative, and the erythrocyte sedimentation rate 38 mm./hr 
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(Westergren). The visual acuity in the right eye was 6/60 and in the left 6/24. Mydria- 
tics, topical prednisone, and Tanderil were given. 

After 2 weeks the iris nodules had almost gone, the keratic precipitates were clearing, 
and the vitreous was clearer; the visual acuity in the left eye had improved to 6/9. 

The patient was discharged from hospital with topical and systemic prednisone, as 
supplies of Tanderil were short. After 5 weeks at home, the patient became ill with acute 
abdominal pain and the systemic treatment was discontinued. On re-admission after 2 
months there were fresh keratic precipitates and new nodules on the iris, and the visual 
acuity had deteriorated to 6/36. Treatment with local prednisone and Tanderil was 
recommenced, and in 3 weeks the iris nodules had gone, and the visual acuity was 6/9. 


The patient was then sent home again with prednisone drops and Tanderil 100 mg. three 
times daily. 


(ii) Bilateral cyclitis with deep keratitis in one eye. A chest x-ray was positive, the 
Mantoux reaction negative, and the erythrocyte sedimentation rate was 28 mm./hr 
(Westergren). There was no change after 2 weeks treatment with topical prednisone: 
Tanderil was then started and after 2 weeks the keratitis was inactive, the eyes white, and 
the keratic precipitates lessening. The patient was discharged with local prednisone and 
Tanderil, and after 2 months both eyes were free from inflammation, with little corneal 
scarring and only slight pigmentary remains of the keratic precipitates. 


(G) PERIPHLEBITIS RETINAE 
Three long-established cases showed no improvement. Although no fresh 
bleeding occurred during the 2 months that they were under treatment, there 


was neither improvement in vision nor apparent reduction in vitreous 
opacities, 


(H) HERPES ZOSTER OPHTHALMICUS 


One long-standing case was treated for 3 weeks for post-herpetic neuralgia 
with no apparent benefit, although from one’s short experience of other 
conditions it would seem likely that Tanderil in the early stages might 
diminish pain and damp down ocular reactions. 


(I) Post-INFLUENZAL RETROBULBAR PAIN 


Three cases showed no improvement after an influenza epidemic in which 
retrobulbar pain was a feature during convalescence. Tanderil seemed to be 
no more efficacious than aspirin. 


SUMMARY 


34 cases of ocular disease were treated over a period of 6 months with 
hydroxy-phenylbutazone (Tanderil). The action of this drug in suppressing 
inflammation seems to be similar to that of the salicylates and corticosteroids, 
with certain probable advantages. 

With what appears to be an adequate dosage (300 mg. daily) there was 
almost complete absence of toxic side-effects, and the drug could be continued 
safely for as long as 12 months (as shown by Hart, 1959). 

Its analgesic effect in some cases is a benefit not usually conferred by 
corticosteroids, and there are no withdrawal phenomena. 
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In the cases of deep keratitis and nodular scleritis in which it was tried, its 
resolvent and analgesic effects were remarkable. 
In two cases of sarcoidosis its effect seemed identical with, or slightly 


superior to, that of corticosteroids. 

In cases with active inflammatory exudates in the vitreous the rate of 
absorption seemed more rapid than one would normally expect, but in post- 
haemorrhagic cases, or where exudation was already organized, no improve- 
ment took place. 


My thanks are due to Dr. W. S. Stoddart of the Clinical Research Department, Geigy Phar- 
maceuticals Ltd. both for his help in the preparation of this survey, and for the very generous 
quantities of the drug supplied for investigation. 
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ADDENDUM 


Since the paper was written, 23 further cases of uveitis, scleritis, and deep keratitis 
have been treated with Tanderil over periods varying from 1 month to 4 months, 
without appreciable side-effects, and with disappearance of inflammatory manifesta- 
tions in all of them. 

In three cases of herpes ophthalmicus no effect in controlling herpetic pain was 
found, but in two of these with raised scleral nodules and keratitis, marked improve- 
ment was manifest in 3 to 4 days with the usual dose of 100 mg. three times a day. 
When treatment was stopped after 2 weeks, recrudescence of the condition occurred 
and treatment had to be recommenced. There was, once again, rapid improve- 
ment, and both patients were kept on 300 mg., daily for a further 6 weeks, after 
which no further relapse took place. 

This tendency to relapse on cessation of treatment, similar to one’s experience 
with the systemic administration of cortisone was noted in eight cases in the new 
series. 

In view of the fact that patients with ankylosing spondylitis provided a large 
proportion of the cases with positive findings reported by Perkins (1958) from the 
Uveitis Clinic at the Institute of Ophthalmology, it is interesting to study the paper 
of Graham (1960), who reported 353 patients with varying rheumatic conditions 
treated with Tanderil. Graham found that in ankylosing spondylitis there was a 
90 per cent. response to treatment, and that in 250 complete blood studies carried 
out at intervals during treatment there was no evidence of any toxic effects on 


blood or marrow. 
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CLINICAL TRIAL OF CHLORHEXIDINE AND 
DIAMINODIPHENYLSULPHONE IN SUPERFICIAL 
OCULAR INFECTIONS* 

BY 
P. A. GRAHAM 
Department of Ophthalmology, University of Manchester 


IN recent years a new antibacterial agent, chlorhexidine (‘‘Hibitane’’) has 
become available (Davies, Francis, Martin, Rose, and Swain, 1954; Murray 
and Calman, 1955). This compound has a wide range of bacteriostatic 
activity against both Gram-positive and Gram-negative organisms and is of 
low toxicity. The development of bacterial resistance to chlorhexidine has. 
not been demonstrated. It is now used extensively for general antisepsis, 
but until recently its application in the conjunctival sac has been limited by 
the irritant nature of the diacetate salt commonly employed. Recently a less. 
irritant but still soluble salt, chlorhexidine gluconate, has become available. 
This may be used in strengths of up to 0-2 per cent. as against 0-05‘per cent. 
for the diacetate compound. 

Diaminodiphenylsulphone (D.D.S., “Dapsone’’) was first described by 
Fromm and Wittmann (1908) and attracted interest many years later when 
it was discovered to be active against streptococcal, pneumococcal, and 
staphylococcal infections (Buttle, Stephenson, Smith, Dewing, and Foster, 
1937). In animals it is ten to one hundred times more powerful than the 
sulphonamides, but clinical trials of its systemic use in man showed toxic 
effects and the advent of the sulphonamides and later of the antibiotics. 
overshadowed it. More recently the drug has come into general use in the 
treatment of leprosy, and Pandit (1955) has reported favourably on its 
topical use in eye infections. 

23082 (3-(5 nitrofurfuralidine) oxindole), the second substance used in this. 
trial, is an experimental compound of high bacteriostatic activity against 
streptococci and staphylococci, having only slight bactericidal powers. 

As chiorhexidine and D.D.S. are to some extent complementary in activity, 
a combination of the two was considered worthy of trial against a standard 
antibiotic preparation in current use. An ointment was chosen for the pur- 
pose, as chlorhexidine and D.D.S. form a precipitate in solution. The 
compound 23082 was included to compare its high bacteriostatic activity 
against the bactericidal effect of chlorhexidine with D.D.S. 


Material and Methods 
An initial trial was conducted to compare 0-2 per cent. chlorhexidine/5 per cent. 
D.D.S. ointment with neomycin ointment. This trial included all cases of super- 
ficial ocular infection attending the out-patients department. This preliminary 
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trial indicated that, while chlorhexidine/D.D.S. appeared to be effective in some 
cases of conjunctivitis, assessment was difficult because of the wide variation in 
the nature of the cases treated. 

In view of this it was decided to try the preparation in cases of acute muco- 
purulent conjunctivitis only, and to compare its clinical effects with those of neo- 
mycin, 23082, and a placebo ointment. As any difference was likely to be small, 
and as typical muco-purulent conjunctivitis is not a very common condition in an 
ophthalmic clinic (most cases being treated by a general practitioner), an attempt 
was made to design a trial which would yield the maximum of information from 
the small number of cases available. 

In each patient the duration of the symptoms and the presence or absence of 
previous treatment elsewhere was ascertained, and this information was used to 
allocate patients to groups of similar duration and previous treatment. The 
patients were grouped according to 3-day intervals up to 12 days, a fifth group 
comprising cases of over 12 days’ duration. These five groups were then further 
sub-divided into treated and untreated patients, making ten groups in all. Within 
each of these ten groups successive patients were allocated to receive one of the 
four preparations by reference to a table of random permutations. 

In this way it was hoped to minimize the effect of variations in the duration of 
the disease and of previous treatment. The treatment received was unknown to 
the patient or to the observer, who saw each patient at every attendance. 

The ointment was applied 4-hourly during the trial period, and the number of 
days was noted from the start of treatment till complete relief of symptoms and 
disappearance of injection and discharge. No other treatment was applied during 
the period of the trial. If the conjunctivitis grew worse, the patient was removed 
from the trial and treated in the normal way. 


Results 
A total of 48 patients was treated. The Table shows the distribution of 
cases among the four preparations and the results obtained. The numbers 
treated with each preparation vary because only a group containing a mul- 
tiple of four will have an even distribution. It proved impossible in practice 
to attain this ideal, but an examination of the distribution of cases suggests 
that the effect of this departure from the ideal trial is small. 


TABLE 
RESULTS IN 48 PATIENTS 





No. Removed Infection Resolved 


faulted 
Default 

Drug During | Derma- 
Treatment titis Worse | >10 days | <10 days 








D.D:S. 
(Hibitane) 





Neomycin. . 
23082 
Placebo 
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The Table shows that there was little difference in the average duration of 
symptoms in patients treated with chlorhexidine/D.D.S. and neomycin, but 
a considerable difference between these groups and those receiving the 
placebo and 23082 ointments, a difference which is unlikely to be due to 
chance variation (comparing neomycin and chlorhexidine/D.D.S. with 
placebo, t=2-12 0-:05>P>0-02, and with “23082”, t=2-08 0:05 > P>0-02). 
The fact that one of the patients removed from the trial because of drug 
irritation was receiving the placebo ointment, raises the possibility that this 
complication was due to the ointment base in use. 


Discussion 


The results suggest that, where the conjunctivitis responded to the drug, 
the combination of 0-2 per cent. chlorhexidine/5 per cent. D.D.S. was 
probably as effective as neomycin; cases treated with either of these prepara- 
tions resolved significantly more rapidly than those treated with 23082, 
which appeared to be no better than the placebo ointment. 

The method of assessment used above does not, however, take into account 
those patients in whom the conjunctivitis became worse and who were accord- 
ingly removed from the trial. Most cases of conjunctivitis will probably 
resolve in a fairly short time without treatment, whereas an occasional case 
will not do so but persists or takes a very long time to resolve. If this latter 
type be treated with a preparation active against the causative organism, 
resolution should, however, be rapid. This hypothesis may be used in an 
alternative analysis of these results by expressing the number of cases 
deteriorating or taking over 10 days to resolve as a proportion of the total 
number treated with each ointment. This shows that 8 per cent. of neo- 
mycin cases, 30 per cent. of chlorhexidine/D.D.S., and 50 per cent. of both 
dummy and 23082 cases were either removed on account of deterioration or 
took a long time to resolve. This approach suggests that chlorhexidine/ 
D.D.S. may be less effective than neomycin, in that some cases fail to 
respond. It must be pointed out, however, that the apparently large 
differences in the proportions of unsuccessful cases are not in fact signifi- 
cant, and that the apparent advantage of neomycin might have occurred by 
chance. A larger trial might solve this question but was not considered 
worth undertaking. , 

From the evidence available it may be concluded that the combination of 
chlorhexidine/D.D.S. is active in many cases of conjunctivitis, and it remains 
to consider whether it has any advantage over the preparations of anti- 
biotics in current use. Such advantage as it has lies in the probable low 
incidence of development of bacterial resistance and in the combination of 
a wide spectrum of activity with a high stability. On the debit side it must 
be noted that chlorhexidine and D.D.S. precipitate in solution and must be 
used either as an ointment or as a suspension, and it is possible that some 
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cases do not respond to the combination at all. Its advantages are 
probably outweighed by its disadvantages, and it would seem that there is 
little point in adding this combination to the growing number of prepara- 
tions in routine use for the treatment of superficial ocular infections. It 
might, however, be of use where special circumstances demand a wide- 
spectrum preparation having high stability under adverse storage conditions. 


Summary 


A clinical trial of chlorhexidine/D.D.S., 23082, and neomycin ointment 
in acute muco-purulent conjunctivitis is described. Chlorhexidine/D.D:S. 
was approximately as effective as neomycin in most cases, but some patients 
failed to respond. 23082 appeared to have little if any clinical activity. 


I should like to thank Mr. O. M. Duthie and Dr. A. Stanworth for allowing me to treat these 
cases and for their comments. The materials used in the trial, which are not available commer- 
cially in this form, were provided by Imperial Chemical Industries, Ltd., whom I should like to 
thank for their co-operation. 
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CASE NOTES 
SCLEROMALACIA PERFORANS* 


BY 


P. SIVASUBRAMANIAM anp D. MUTUCUMARANA 
Victoria Memorial Eye Hospital, Colombe 


SCLEROMALACIA PERFORANS is a rare ocular disorder almost meriting the name 
of an ophthalmic curiosity. A few authentic cases have been reported from 
various parts of the world, each with minor variations in ocular symptoma- 
tology and/or varying associated lesions elsewhere, so that no typical pattern 
is presented by any two cases. This has inevitably led to confusion in 
terminology and classification. 


Case Report 


A male cultivator was admitted to the Victoria Memorial Eye Hospital, Colombo, on 
November 8, 1957, with a history of defective vision of 15 years’ duration in the left eye 
and of 5 years’ duration in the right eye. Lacrimation and smarting had begun in the 
left eye for no known reason, and about a fortnight later the patient had noticed small 
whitish areas on the periphery of the cornea which gradually increased while his sight 


grew misty. As time went on a bulge appeared on the upper part of the left eye above 
the cornea, but he had had no pain or redness in that eye at any time during the course 
of 15 years. About 5 years ago similar symptoms occurred in the right eye and he 
could recall that the right eye underwent the same slow changes as the left, again without 
redness or pain. 


Examination.—The palpebral apertures were unequal in size, the left being the larger. 
The right eye (Fig. 1, overleaf) showed a centrally clear cornea with a peripheral non- 
vascularized hazy annulus about 3-4 mm. in width. In the supero-nasal quadrant of 
the paralimbal zone was an ectasia of uveal tissue such as may be seen after a cataract 
extraction. In the less bulging parts it resembled an iridencleisis though there was no 
classical bleb as may be seen in a successful filtration operation. Through an ectopic 
pupil—drawn towards the limbal ectasia—in a tremulous iris, the lens was seen to be 
totally dislocated into the vitreous chamber. The fundus was only dimly visible—a 
proper view being precluded by the alignment of the ectopic pupil with the hazy peri- 
phery of the cornea. The visual acuity was 5/60 with +10 D sph. The intra-ocular 
pressure was 25 mm. Hg Schiotz. 

Knobbly ectasiae studded the supero-nasal quadrant of the paralimbal zone of the 
left eye. The cornea was a total whitish haze, with its curvature flattened by the bulge 
above. The ectasiae were all of a blue-grey colour showing thinned-out conjunctiva with 
underlying uveal tissue (Fig. 2, overleaf). The cornea was vascular. No intra-ocular 
examination was possible. This eye was totally blind, and the intra-ocular pressure 
could not be recorded. 





* Received for publication December 29, 1959, 
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eee s xe re a ¢ oe . ‘ 
Fic. 1.—Right eye, showing centrally clear Fic. 2.—Left eye, showing opaque grey-white 
cornea and a bulge. supero-nasally. This cornea with a bulge above and slightly nasally. 
has the appearance of an iridencleisis. In the centre of the bulge two knobbly masses 
of uveal tissue are clearly seen. 


General Examination—The man was well nourished, and the teeth and nasal sinuses 
were normal. There was no swelling or limitation of movement in the joints. The blood 
pressure was 110/75 mm. Hg. 

Laboratory Investigations —The Kahn test was negative. 

White cell count: 8,400 per c.mm.; differential count: polymorphonucleocytes 57 per 
cent.; lymphocytes 32 per cent.; eosinophils 11 per cent. 

Erythrocyte sedimentation rate: 11 mm./hr; 28 mm./2nd hr. 

Blood cholesterol: 208 mg. per cent. 


X Rays—Spine, sacro-iliac joints, limbs, and chest normal. 


Discussion 


This case is one of bilateral intercalary staphylomata. In the absence 
of any history of trauma or acute inflammatory episode this appears to be a 
case of scleromalacia perforans, unassociated with joint lesions or cholesterol- 
aemia. The absence of scleral holes of the type usually seen makes it 
resemble the atypical form designated “‘paralimbal or intercalary sclero- 
malacia perforans” by Franceschetti and Bischler (1950) or “spontaneous 
scleral intercalary perforation” by Frangois (1951). 

The dislocation of the lens may have been due to a slow and steady expan- 
sion of the ciliary ring with the ectatic sclera. The iris prolapse may arise 
because the sclera yields under the normal intra-ocular pressure through 
softening or divarication of the scleral fibres. In true scleromalacia per- 
forans scleral holes appear with amazing rapidity but without ectasia of 
uveal tissue, apparently because there is usually a retinal detachment with 
attendant lowered intra-ocular pressure, and the holes over the choroid 
do not invite the herniation of that part of the uvea. In cases of sclero- 
malacia perforans in which the cornea is perforated, a cystic swelling has 
been described (Duke-Elder, 1938). 
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The case here presented fulfils the criteria of spontaneous scleral inter- 
calary perforation (Frangois, 1951): 

(a) There is a resemblance to a cystoid cicatrix or an iridencleisis at the limbus, 

(6) There are no inflammatory symptoms past or present. 


It differs from this definition, however, in the following respects: 


(a) It is bilateral 

(b) Prognosis is poor 

(c) The cornea is involved 

(d) There is no joint involvement 
(e) There is no cholesterolaemia. 


The absence of joint involvement and cholesterolaemia does not prevent 
this case being regarded as a variant or forme fruste of scleromalacia per- 
forans as in the cases of van der Hoeve (1934), Eber (1934), and Arkle and 
Ingram (1935). 

Judging from the non-episodic nature of the condition, the absence of 
scleral holes, and the very slow progress, it is suggested that it should be called 
scleromalacia simplex or tarda, or “‘paralimbal or intercalary scleromalacia”’, 
omitting the word “‘perforans”’ altogether. 


Our thanks go to Dr. R. Pararajasegeram, Surgeon, Victoria Memorial Eye Hospital, Colombo, 
for seeing this case and expressing his opinion which concurred with ours. 
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BOOK REVIEW 


The Sturge-Weber Syndrome. By G. L. ALEXANDER and R. M. NorMAN. 1960. 
Pp. 104, 54 figs. Wright, Bristol. (32s. 6d.). 

This book on the Sturge-Weber syndrome by a neuro-surgeon and neuro-pathologist 
is based on the study of seven patients who have been under their care. It is introduced 
by a history and definition of the syndrome, and there follows a well-documented account 
of the individual cases. Each report includes the clinical history, an intellectual assess- 
ment, and radiological, arteriographic, and electro-encephalographic findings. The 
operation, its immediate results, and the post-operative history are described, with 
further results of psychological testing, and conclusions are drawn. 

The following chapters discuss the uses of radiology, electro-encephalography, and 
electro-corticography, neuropathological examinations, the distribution of the facial 
naevus and its relation to the cerebral angiomatosis, epilepsy, ophthalmological aspects, 
and surgical treatment. A final chapter summarizes the conclusions to be drawn from 
these observations. 

The diagnosis of Sturge-Weber disease should be made only in cases having the two 
essential lesions of naevus flammeus of the face and angiomatosis of the meninges. 
During childhood a progressive process of calcification occurs in the underlying cerebral 
cortex, chiefly in the occipital and temporal regions. Concretions cannot be detected 
radiologically in the first 2 years of life, and are formed as a consequence of some local 
change in tissue metabolism conditioned by the presence of the overlying angiomatosis. 

Two distinct processes are responsible for the varying loss of functioning cortex. The 
confluence of concretions obliterates sections of the capillary bed. Large areas of 
neuronal devastation are probably due to some acute ischaemic process, perhaps asso- 
ciated with the epileptic attacks. The present study would suggest that meningeal 
angiomatosis is to be expected only when the facial naevus involves the upper eyelid 
and/or the supra-orbital regions of the face. 

The important practical lesson to be learnt from this book is the necessity of avoiding 
the epileptic seizures which produce so much cerebral damage. Surgical intervention 
and removal of pathological tissue ought not to be delayed longer than 2 months after 
birth, with anti-convulsant cover from the start. As the dangerous facial naevus has 
such a sharply defined position on the face, involving the upper eyelid region, the ophthal- 
mologist who is aware of this fact may well play the important part of advising the 
parents early in their child’s life to seek appropriate help. Glaucoma occurs only in 
some of the cases reported in the literature. 

The authors are to be congratulated on a superb piece of careful work, and the 
publishers on conveying their message in such excellent form. 
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BARRAQUER’S ERISIPHAKE 


We are sole distributors of this 
equipment for the United Kingdom 
and Commonwealth Territories 


WRITE FOR CATALOGUE OF OPHTHALMIC INSTRUMENTS AND APPLIANCES 
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CLIFFORD BROWN E 
45 WIGMORE STREET 
LONDON, W.|I 


Telephone: WEL 4730 


(Private Branch Exchange) 


Manufacturing Dispensing Opticians 





A High Grade Dispensing Service is available 
at all our Branches 


210 Upper Richmond Road, S.W.14 
GLASGOW - : - - = 141 Bath Street, C.2. 
KINGSTON” - - : - +  14High Street 
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C. W. DIXEY & SON LTD. 
19 WIGMORE STREET : LONDON W.r. 


TELEPHONE: LANGHAM 1713 
€ 


Introducing the NEW 
DIXEY ERISIPHAKE PUMP 


This unit has been specially developed to give consistent and reliable 
operation for long periods with the minimum of attention. 

It incorporates a hardened and ground stainless precision gear pump 
and a unique oiling system which ensures that the pump is always 
working under optimum conditions. 

It is supplied complete in carrying case with footswitch, Barraquer 
Cannula-handle and rubber tubing and is suitable for operation on AC 
or DC mains. 

We shall be pleased to supply further details on request. 
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“We did not want to leave Wigmore Street. We 
thought it was a nasty blow after so many 
years. How glad we are, however, that we were 
forced to do so. Larger, lighter, and all 
on one floor, our new premises have greatly 


pleased all who have entered therein.” 


Melson Wingate Ltd 





18 NEW CAVENDISH STREET 


LONDON W.lI. 
TELEPHONE: WELbeck 8710 
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Zr ¢, Hi-Lyne by Clement Clarke 
7 s 
1c\h 


Accurate dispensing si 
individual styling 


Service to the Consultant and his patient is 
available through forty-three branches. 


CLEMENT CLAREE LTD. 
WIGMORE STREET, LONDON, W.1. Telephone: LANgham 2242 
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Harcourt by Clement Clarke 


Accurate dispensing... 


individual styling 


Service to the Consultant and his patient is 
available through forty-three branches 


OLEMENT COLARESE LTD. 


WIGMORE STREET, LONDON, W.1. Telephone: LANgham 2242 
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AN ESTABLISHED FAVOURITE 
+ MORE LIGHT 


+ FOCUSING 
CONTROL 














New achromatic lenses give the New 

Era Dynamic Retinoscope even more 
brightness and sharply defined reflex than 
the original Keeler R.T.J. model. 


In addition, for maximum light and 
sensitivity, a focusing adjustment alters 
the light beam from divergence to slight 
convergence. For all positions of the 


control a plane mirror reflex is obtained. 


IMPROVED RETINOSCOPY BY 


INSTRUMENTS THAT 


LEAD THE WORLD 


39 WIGMORE STREET, LONDON, W.I. 
Vili 
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Hamblin 
Cabinet 
Test Type 


No. 804 


Reflections from the glass front are eliminated in 
the redesigned Hamblin Cabinet Test Type. The 
lighting is now housed internally; it provides the 
types with good, even illumination. A selection 
of up to eight Hamblin distance types is mounted 
on rollers for remote control by cord. Maddox 
‘Spot’ and Duochrome Test are incorporated. 


Types with reversed lettering can be fitted for use 
with a mirror at three metres. 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|I. 
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the 


slit 
lamp 


is now 
available 
for 
immediate 
delivery 
from stock 





RENOWNED FOR ITS BRILLIANT ILLUMINATION, 


the Carl Zeiss Slit Lamp has 
the following additional advantages: 
* Rapid change between five different magnifications 
* Great depth of focus 
* Particularly sturdy design gives years of hard service 
* Hasily equipped with full range of accessories: 
[1] Camera equipment. [2] Hruby lens 
[8] Tutor eyepiece. [4] Gonioscopy equipment 
[5] Aplanation Tonometer 


Illustrated booklet on request from 


qeobardt 


AND COMPANY LIMITED 
6 Cavendish Square, London W1 Telephone LANgham 6097 
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OCULAR PROSTHETICS 


Mr. STEER WARDMAN 


Artificial Eye Specialist 
of 


Brooks €Wa 


Dispensing Opticians Artificial Eye Makers 
24 REGENT STREET 
NOTTINGHAM 
Telephone: 46309 2 Lines 


Also attends by appointment at the following addresses: 


91, Cornwall Street, 28, Watson Road, 
BIRMINGHAM, 3. WORKSOP, NOTTS. 
Phone: Central 0583 Phone: 3204 


J. W. WARDMAN LTD., 
Dispensing Opticians, 
54, Duke Street, 
DARLINGTON. 
Phone 66089 


My work covers all recent advances in ocular prostheses, 
magnetic artificial eyes, and facial prostheses. 
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“i'm listening!” 


**You’ve OPERATED, using the new Diatherm?’’ 
“Yes, operated very successfully, too! At a small hospital without a 
special assistant, without moving the patient over a long distance — 
simply clamped the diatherm to a standard lithotomy post. Thought 
you'd like to know.” 


**Yes, indeed. Tell me, is it really portable?’ 
‘*Certainly — a midget could lift it with two fingers! And what a blessing 
those detachable, sterilisable, control knobs are — allowed me to do the 
whole thing myself with the help only of an anaesthetist and nurse. 
Those people at Manchester Eye Hospital have undoubtedly developed 
a versatile, reliable instrument.” 


‘*Well, you know, it had been used in a busy theatre for sixteen months 
before Rayners marketed it. They’ve a reputation to consider.” 
**Exactly. It’s certainly an excellent new tool for eye surgery. 


The Manchester OPHTHALMIC DIATHERM 


” 


Send for full details to: 


INSTRUMENT DEPARTMENT 


160 NEW BOND STREET LONDON WI MAYFAIR 0128 
Branches at:- BEXHILL BIRKENHEAD BOLTON BRADFORD BRIGHTON BRIXTON CHESTER COVENTRY 
CREWE DONCASTER EASTBOURNE ELLESMERE PORT HALIFAX HARROGATE HASTINGS HEREFORD HESWALL 
HOVE HUDDERSFIELD HULL LEAMINGTON LEEDS LEICESTER LIVERPOOL LUDLOW NORTHWICH 
NUNEATON OLDHAM OSWESTRY RHYL RUGBY RUGELEY SHREWSBURY SOUTHPORT STAFFORD ST. HELENS 
STOKE STREATHAM WALLASEY WEST HARTLEPOOL WORCESTER Works:- HOVE AND LONDON 





BRITISH JOURNAL 


OPHTHALMOLOGY 


INCORPORATING 
THE ROYAL LONDON OPHTHALMIC HOSPITAL REPORTS 
THE OPHTHALMIC REVIEW anp THE OPHTHALMOSCOPE 








DECEMBER, 1960 No. 12 








EDITORIAL COMMITTEE 
Chairman: 
Sir STEWART DUKE-ELDER, G.C.V.O., F.R.S. 


J. H. DOGGART (Secretary) 
J. D. MAGOR CARDELL STEPHEN J. H. MILLER 
A. J. B. GOLDSMITH E. S. PERKINS 
J. R. HUDSON F. A. WILLIAMSON-NOBLE 
and the EDITOR of the British Medical Journal 


LONDON 
INSTITUTE OF OPHTHALMOLOGY 
JUDD STREET, W.C.1. 


Publishing Office 
BRITISH MEDICAL ASSOCIATION 
TAVISTOCK SQUARE, W.C.1. 





BRITISH JOURNAL OF OPHTHALMOLOGY 





Stereoscopic Ophthalmoscopy, 
Binocular examination of narrow cavities: 


The Hamblin Polyscope Mark II removes most 
Hamblin of the difficulty from such procedures. Rapidly 


Polyscope interchangeable objectives convert the instru- 
Mark y ment into a Binocular Indirect Ophthalmoscope 
or into an illuminated Prismatic Loupe with a 
choice of powers. The optical projector assures 
even illumination; it permits the light beam 
to be placed directly in the -plane of observa- 
tion. Brilliancy is supplied by a precentred 18- 
watt lamp. The instrument is light in weight 
and well balanced, so that it may be worn for 
long periods without causing fatigue. 





Supplied in a robust carrying case, complete with spare 
6-volt 18-watt lamp, removable transformer, two 
different objectives and a condensing lens for ophthal- 
moscopy. 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|. 


X1V 705A 
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Sound sleep ...fresh awakening. 


Medomin* 


Geigy 


Dose: 1 tablet 
taken 4-1 hour 
before retiring. 
Available in tablets 
of 200 mg 
aire soma 
ycloheptenyiethy! 
barbituri« sot . 
Containers of 10, 
100, 1000 


Medomin presents the surety of hypnosis 
through the barbituric acid nucleus. One 
tabfet taken 4—1 hour before retiring will 
give 6-8 hours natural sleep. Because 
of the rapid breakdown and elimination of 
this barbiturate there is a fresh awakening 
with no clouding of the mind. Medomin thus 
represents a genuine ad: in hypnoti 
therapy. its action is positive and yet so 
smooth and free from side effects that 
it may safely be given to children. 


*209 patient-nights on Medomin and 79 
patient-nights on butobarbitone are re- 
ported on. Results tell strongly in favour of 
Medomin (91 per cent very good response 
as compared to 58 per cent with control 
sedative). Out of the 209 there were only 
two cases of “ hangover-like’ symptoms. * 
Med. Press, 243, 131 (1960). 


Geigy Pharmaceutical Company Ltd. 
Wythenshawe, Manchester 23 


PH. 178 
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TO e TFATAY ERY CUR RO A 


Optical Dispensing ... 


il 











120 YEARS OF UNBROKEN SERVICE 


The firm of Alfred Hawes was established in 1840, and 
is actively controlled today by descendants of the 


Founder. 


Up-to-date techniques and this long experience enable 
us to offer the widest possible service, but we have never 
departed from the tradition of personal attention to 


individual requirements. 


That tradition is faithfully maintained in all our 
branches. We look forward to dispensing the require- 


ments of your patients. 


HEAD OFFICE: 


79-79a, LEADENHALL STREET, LONDON, E.C.3 


TELEPHONE: AVENUE 4538/9 
WEST END OFFICE: 25, NEW CAVENDISH STREET, LONDON, W.1. Telephone: WELbeck 7862 


BRANCHES: 
Advance 2103 
Imperial 4433 
Croydon 5779 
Dorking 3187 
Eltham 4325 
Godalming 2088 


BOW: 
CHISLEHURST : 
CROYDON: 
DORKING : 
ELTHAM: 
GODALMING: 


Guildford 4911 
Valentine 5825 
Leatherh’d 3157 
Lee Green 2245 


Leytonstone 2109 
Romford 42208 


GUILDFORD: 
ILFORD: 
LEATHERHEAD: 
LEWISHAM: 
LEYTON: 
ROMFORD: 


xVi 


A 
A 
‘ 


MO—<IMo 


a 
é 


ST. PAUL’S CRAY: Foots Cray 4803 
STRATFORD : Maryland 3393 
WALTHAMSTOW : Coppermill 5206 
WOKING: Woking 944 


WALTON-ON-THAMES : 
Walton 1832 
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An electromagnet with power enough to dislodge 
a ferrous foreign body across an extreme diameter 
of the human eye, small and light enough to be 
easily manipulated, compact enough to be easily 
transported and shaped to give a clear view of the 
field of operation. 


Control Box 


14 in. X 12 in. x 6in. Gas-proof and Flame-proof. Contains 
the rectifier and electronic control system. 


Magnet 

The magnet has built-in radiator vanes, and weighs less than 
20 oz. Its length, including a 90° applicator, is 5 in.; its 
cecgke diameter is 24 in. Supplied complete with a set of 
our applicators; three conical applicators with angles of 50°, 
70° and 90° ; also one round-ended applicator. 


‘THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|!. 
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20 High Street, 45 Upper High Street. 
Sutton, Surrey. Epsom, Surrey. 
Telephone: VIGilant 2798. Telephone: EPSom 2300. 


Chapel Road, 57b London Road, 
Worthing. Brighton. 


Telephone: Worthing 5193. Telephone: Brighton 29425. 
ae sis ore i nae % . : oO sie ss 8s . * 
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PRODUCED EXCLUSIVELY BY STERCKS MARTIN LIMITED 


SCOTOMETRY WANDS 


In three lengths:— Recent improvements include fabric 
16” in handy wallet. covering (not flock spray) of the stems. 
37” (for |-metre use) in wall quiver. 


54” (for 2-metre use) in wall quiver. lapreved ephorient targeas a 


sizes | mm to 10mm -—red; green; blue; 
yellow and white. 


Sterckss Martin 














MEMBERS OF THE GUILD OF BRITISH DISPENSING OPTICIANS 
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NEW ITEMS 








BERKE PTOSIS CLAMP for ILIFF OPERATION 


DOWN BROS. and MAYER & PHELPS Ltd. 


CHURCH PATH, 32-34, NEW CAVENDISH STREET, 70, GRENVILLE STREET, 
MITCHAM, SURREY LONDON, W.1! TORONTO CANADA 








taithfully yours 


PANKHURST & BARRETT LTD. 


Dispensing Opticians 





27, NEW CAVENDISH STREET, LONDON, W.| 
250, IMPERIAL DRIVE, RAYNERS LANE, HARROW 
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Fashion Frames 


A further example of the spectacle-maker’s craft, 
combined with the jeweller’s. _Hand-made frames, 
trimmed hand-set rhinestones and pearls. 


Earrings to match. 


* * 


Made and Designed by 


A. E. NEWBOLD, LTD 


1lb, Hay Hill, Berkeley Square, London, W.1 
HYDE PARK 0946/6 


Branch: 1 Broadway Buildings Branch: 64 High Street 
BROMLEY, Kent BECKENHAM, Kent 





DECEMBER 1960 
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The HAAG-STRETE Shit Lamp ‘goo’ 


The HAAG-STREIT Slit Lamp ‘goo’ 
represents a very exceptional advance in design, the 
result of years of intensive research. 


STAR FEATURES 


Precentred and prefocused bulb, burning cap uppermost. 
Illumination 30% above previous model. 


Overload switch nearly doubles illumination. 

Slit rotates through 180°. No deviating prism used. 
Unique inclining device provides horizontal sections. 
Hruby Lens preset and linked to microscope. 
Non-dazzling fixation target focused at far point. 
Aplanation Tonometer attached and removed at will. 
New Fundus Lens for high myopes available. 
Measuring device available. 


* 


* 
* 
*K 
* 
* 
* 
* 
* 


Clement Clarke are the 
sole agents in the United Kingdom 
for Haag-Streit 


Please note that the 
Ophthalmic Instrument Division 
has moved to new showrooms at 


16, WIGMORE STREET, LONDON, W.1 


[Instrument Division, Wigmore St., London, W.1 
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“CURPAX”’ 
NEW MAJOR SYNOPTISCOPE 


(BRITISH AND FOREIGN PATENTS PENDING) 


The latest model of the Major Synoptiscope has been designed to incorporate 
new features and in particular has been adapted to provide for the critical 
measurements of deviations whilst the patient observes targets projected into 
the distance. 

This development has resulted from the research of Dr. A. Stanworth, 
Senior Lecturer in Ophthalmology at Manchester University, England, and 
reprints of Dr. Stanworth’s paper giving clinical evaluations are available on 
request. A series of special slides has been designed for distance use. The 
instrument is first used with the eyepieces adapted to distance projection and 
the readings so taken make possible an assessment of the angle of squint and 
the use being made by the patient’s binocular vision under normal viewing 


conditions. 
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It is of practical value in the detection of abnormal retinal correspondence 
in small angle squints and in patients in whom the cover test is difficult to 
interpret. The measurement of peripheral fusion (in small angle squints) and 
of fixation disparity in normal viewing conditions is brought within the range 
of normal clinical practice. 

The special eyepieces with transparent prismatic reflectors can readily be 
replaced by the conventional mirror reflectors and exercises may be carried out 
in the usual manner. 

The No. 10 Model Synoptiscope is of sturdy construction with large scales 
graduated in degrees of angle and in dioptres. 

ba Hyperphoria scale has a cylindrical magnifying device for precision 
reading. 

Control of slow motion movements in the measurement of the ductions 
is provided, suitably engraved for easy reading. 

The transformer is housed within the base of the instrument so that the 
cable can be connected directly with the house current and be controlled by a 
— switch, whilst two graduated rheostats vary the illumination to either 
tube. 

Manual flashing studs are provided and an automatic flashing unit can be 
supplied. This is an electronic device that is quite silent in operation and can 
be fitted to the Synoptiscope table which has recesses for slides, etc. 

There is an adjustment on each tube for cyclophoria readings and a further 
control provides for quick movement of the, slides for additional hyperphoria 
or as alternative and improved action to the oscillating mirror. 

The slide ejector is designed to permit the removal of slides with one hand. 

The chin rest is raised and lowered by a geared control operated from the 
front of the base and the chin rest itself has a ratchet movement horizontally. 

A vertical stem provides for a head rest if desired and also allows the 
attachment of a plastic breath shield and the septum used with the transparent 
eye pieces for distance projection to avoid surface reflections. 

The illumination is provided by special bulbs of 8V 1 amp, which give 
sufficient intensity for the after-image test of Bielchowski. A pair of metal 
slides having respectively a vertical slit and a horizontal slit being used 
alternately to obtain retinal after-images to test the existence of false macular 
projection. 

A comprehensive range of slides is available in the three grades for 
simultaneous macular perception, fusion and stereopsis. 





CURRY & PAXTON, LTD. 


Dispensing Opticians, Manufacturers of Ophthalmic Instruments 
195-199, GREAT PORTLAND ST. and 22, WIGMORE ST., LONDON, W.1 
Telephone: LANgham 0123. Telephone: LANgham 2873. 
Instrument Dept: 120, Albert Street, Parkway, N.W.1 
Telephone : GULliver 7939 and 5495 


PRINCIPAL BRANCHES — BATH, BRISTOL, CHIPPENHAM, CHISWICK, DERBY, GLASGOW, 
LINCOLN, LOWESTOFT, NEW CROSS, NEWARK, NORWICH, NOTTINGHAM, RICHMOND, SCUNTHORPE, 
SHEPHERDS BUSH, SOUTHPORT, WARRINGTON, WESTON-SUPER-MARE, WOOLWICH, 
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AIDS TO OPERATING 


Binocular Loupes in the form 
of spectacles combine strength 
with lightness. 


No. 214 

Bishop-Harman 

Worn at the tip of the nose to 
allow free surrounding vision — 
can be worn in conjunction with 
ordinary spectacles. Magnification 
14 diameters, working distance 8”. 


No. 216 

Mayou 

Covers a large lateral field. Mag- 
nification 1} diameters, working 
distance 8”. 


No. 201 

Adjustable Telescopic 
Completely and easily adjustable 
to individual fitting. Choice of 


units for magnifications of either 
2 or 3 diameters at working dis- 


tances of 9” and ||” respectively. 
Wearer’s correction can be incor- 
porated. 
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Connoisseur Range 


Hand made to order only 





No. 217 


No. 201A 


Duke-Elder 

Operating Spectacles 

2 diameters of magnification, workin 
distance 72”. Centre portions of fixed 
lenses form oculars of telescopic 
system — surrounding area surfaced 
to wearer’s usual prescription. 
Objective lenses can be swung up 
from in front of the eyes. 


No. 201A 

Connoisseur Telescopic 

Either 2 or 3 diameters of magnifica- 
tion to choice. Units can incorporate 
the operator’s correction. Half-eye 
spectacle portion glazed as required, 
but intermediate correction is 
generally preferred. 





No. 217 


Duke-Elder Operating 
Attachment 


Small and compact. Clips rigidly on 
to ordinary spectacles. Magnification 
Ii} diameters, working distance 9’. 


No. 222 
Stallard Spectacles 


Lenses are suspended to allow free 
surrounding vision — can be swung 
up from in front.of the eyes. Magnifi- 
cation 2 diameters, working distance 
8”. Fold into ordinary spectacle case. 


THEODORE HAMBLIN LTD 


15 Wigmore Street, London, W.|I. 
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UNIVERSITY OF LONDON 
INSTITUTE OF OPHTHALMOLOGY, JUDD STREET, LONDON, W.C.1 


Associated with 


MOORFIELDS EYE HOSPITAL 
Qualified Medical Practitioners may enter the practice of the Moorfields Eye Hospital at any time, and 
are, on certain conditions, eligible for appointment as Clinical Assistants. 
S tic courses suitable for Diploma and Degree examinations begin in OCTOBER and 
ARCH of each year. 
For further particulars apply to the Dean. 
EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS. 

The Department of Pathology of this Institute will examine and report on certain specimens sent 
by Ophthalmic Surgeons. Specimens sent from Hospitals for further examination should be sent 
through the particular Hospital Pathologist. 


For particulars apply to the Director of the Department of Pathology. 





UNIVERSITY OF LONDON 
(British Postgraduate Medical Federation) 


INSTITUTE OF OPHTHALMOLOGY 
ASSOCIATED WITH MOORFIELDS EYE HOSPITAL 


A two-day course for Consultants and Senior Specialists will be held at 
the Institute of Ophthalmology, Judd Street, London, W.C.1, on February 
9 and 10, 1961. An enrolment fee of £1. Is. will be charged to include 
lunch and refreshments. Further details may be obtained from the Dean. 





VACANCY : OPHTHALMIC SURGEON 


Applications are invited from suitably qualified persons for the post 
of full-time ophthalmic surgeon to the National Council’s Bureau for 
the Prevention of Blindness. 

Candidates will be required to travel extensively and carry out pro- 
fessional services with the Council’s Mobile Unit and in such clinics 
and hospitals as directed from time to time. 

Salary Scale: (a) Registered Ophthalmic Surgeons £1800 x 60 - £2400 

per annum inclusive of cost of living allowance. 

(b) General Medical Practitioners with at least two 
years post-registration who must have some oph- 
thalmic experience £1500 x 40 - £1740 inclusive of 
cost of living allowance. 

Leave: 24 working days vocational leave per annum plus seven days 
occasional leave. 
Provident Fund: The successful applicant will be required to join the 
South African Welfare Organisations’ Provident Fund 
and contribute 6% of basic salary. The joining of a 
Medical Benefit Scheme is compulsory. 
The commencing notch of the salary scale will be determined accord- 
ing to experience and qualifications. 
Official application forms and further information may be obtained from the 
undersigned: S. K. WENTWORTH, 
Bureau Administrative Secretary, 
S.A. NATIONAL COUNCIL FOR THE BLIND, 
P. O. BOX 1343, PRETORIA, SOUTH AFRICA. 
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Control 
Infection 
Night and Day 


with 


‘BROLENE’ 


trade mark 
DIBROMOPROPAMIDINE ISETHIONATE 
EYE OINTMENT 


PROPAMIDINE 
OPHTHALMIC 
SOLUTION 


These two preparations provide complementary 
forms of treatment for infections and superficial 
injuries of the eye. ‘Brolene’ ointment is best used 
at night while Propamidine Ophthalmic Solution is 
ideal for daytime application. 


PRESENTATIONS 


‘Brolene’ is supplied as a 0-15 per cent eye ointment and 
Propamidine Ophthalmic Solution as a 0-1 per cent 
solution in dropper bottles. 


Further information is available on request 


M&B brand Medical Products 


MANUFACTURED BY 


MAY & BAKER LTD 


MA6955/120 


UMMM]! 
DISTRIBUTORS: PHARMACEUTICAL SPECIALITIES - (MAY & BAKER) LTD - DAGENHAM 
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VIONOGRAPH SUPPLEMIENIS 


fO BRITISH JOURNAL OF OPHTHALSNIOLOGY 


THE NATURE OF THE INTRA-OCULAR Price 7/6 


FLUIDS 


~ Francis Laking Prize 1926-27) 
By W. Stewart DuKE-ELDER. 
140 pages, with Bibliography. 


THE NATURE OF THE VITREOUS BODY Price 5/- 
By W. Stewart DuKE-ELDER. 72 pages. 
RADIANT ENERGY Price 7/6 
as a Pathogenic and as a Therapeutic Agent 


in Ophthalmic Disorders 


(The Gford Edmonds Prize in oe 
y H. B. STALLARD. 8 pai 


ON THE CORRELATION OF SOME Price 5/- 
SENSORY AND PHYSIOLOGICAL PHENOMENA 
OF VISION 
By W. D. Wricut and RAGNAR GRANIT. 80 pages. 
No. 10 OCULAR ONCHOCERCIASIS, INCLUDING Price 7/6 
AN INVESTIGATION IN THE GOLD COAST 


58 pages, with y tener Paty and 3 colour plates. 
UVEAL SARCOMATA-: Price 10/- 


By J. D. MARTIN-JONES. 
94 pages, 22 illustrations. 


OCULAR VERTICAL DEVIATIONS Price 12/6 


By J. RINGLAND ANDERSON. 
08 pages, 37 illustrations. 


AN EXPERIMENTAL AND CLINICAL STUDY Price 21/- 
OF THE REACTION OF THE ANTERIOR 
SEGMENT OF THE EYE TO CHEMICAL 
INJURY, WITH SPECIAL REFERENCE 


- Cay WARFARE AGENTS 


A Mann, A, Pirie, and B, D, PULLINGER. 
176 ome peel ‘illustrated in monochrome and colour. 


THE INCIDENCE AND CAUSES OF Price 10/6 
BLINDNESS 
A in ean 
Nos. 1, 2, 5, 7 and 8 are out of print. 


Publishing Manager 


BRITISH: MEDICAL ASSOC[JATION 


B.M.A. House, Tavistock Square, Londom W.C.1 
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